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CHAPTER 1: GENERAL INTRODUCTION 
 
Introduction 
Urban landscapes represent some of the most highly modified landscapes in the 
world.  Impacts of urbanization occur not only during initial land development but also 
persist as hydrological processes are radically altered and humans manage the landscape.  
Hydrological issues most frequently noted in urban areas focus on runoff.  A limited 
amount of research has been dedicated to exploring urban groundwater nutrients and 
resident perceptions and understanding of groundwater.  Public input and perspectives 
must be considered in order to effectively manage the nation’s water resources (Canter et. 
al. 1993).    
Smaller streams are often sustained by groundwater during dry periods entering 
through the channel bottom.  These types of streams are called “gaining” streams and the 
portion of water they receive from groundwater is referred to as base flow.  This can also 
happen in reverse with stream water moving through the channel bottom and banks to 
become groundwater.  Streams losing water to groundwater are considered “losing” 
streams, and are often found in flood plain settings.  Waterways can be both gaining and 
losing depending upon their hydrological setting and recent precipitation events.  
Groundwater is a valuable, renewable natural resource, but if contaminated by 
economic activities, it may be deemed non-renewable and unusable (Crocker and Forster 
1991).  Groundwater resources in some regions of the U.S. are getting scarcer and 
increasingly polluted thereby affecting options for social and economic growth and 
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development (Kemper 2004).  Major concerns regarding groundwater involve human 
activities that can contaminate groundwater (Iowa DNR n.d.b).  Recent emphasis has 
been on nonpoint source pollution from both agricultural and urban runoff waters (Canter 
et. al. 1993).  Groundwater is an extremely valuable natural resource in Iowa (Iowa DNR 
n.d.b.), accounting for approximately fifty-eight percent of public water consumption in 
Iowa (Prior et al. 2003).  It is the source of nearly 40 percent of the water used for public 
use and 21 percent of total water withdrawals in the United States (USGS, 2000). 
Water Quality.  Water quality refers to the physical, chemical, and biological 
characteristics of water.  We are concerned with water quality not only because of its 
impact upon ecosystem processes but also because of the human impacts.  Excess 
nitrogen (N) and phosphorus (P) impairs many surface waters in Iowa and other 
Midwestern states (Burkart et. al. 2004).  While much of this can be linked to sources 
from runoff, groundwater can provide a nearly constant base flow to surface waters 
thereby impacting nitrogen and phosphorous concentrations.  
Conditions in Iowa.  In Iowa, groundwater is an extremely valuable natural 
resource (Iowa DNR n.d.b). The quality of groundwater can be attributed to both natural 
and cultural influences (Prior et. al. 2003).  Groundwater quality in shallow aquifers is 
generally good, but these aquifers are more susceptible to cultural contamination than are 
deeper aquifers (see Iowa DNR n.d.b.).  
Urbanization.  Urbanization leads to a variety of hydrological changes.  The 
frequency and severity of flooding is generally increased as peak discharges can be as 
much as two to five times the predevelopment rate (Strom and Nathan 1998) as piped 
storm drain systems deliver runoff to the stream in a shorter amount of time when 
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compared to pre-development conditions.  Runoff is estimated at 10% under natural 
cover, increases to 23% under low density residential, and can increase to 30% in typical 
urban residential settings (Randolph 2004).  Generally as urban runoff increases, so does 
the pollution it carries.  Excessive use of fertilizers in urban areas result in runoff loaded 
with nutrients, which leads to excessive algal growth in water bodies (see Randolph 
2004).  Because of this, small urban streams are the most vulnerable watercourses 
(McKissock et. al. 1999).  
 
Research Objectives   
The purpose of my research was to understand the biophysical and social aspects 
related to shallow groundwater systems associated with tributary streams relative to 
nutrient pollution.  Biophysical objectives included characterizing shallow groundwater 
pollutants and flow between an urban neighborhood and a small tributary stream.  I was 
specifically interested in understanding if groundwater is flowing towards the stream and 
if that groundwater contributes nutrient pollution to the stream.  Social objectives 
included understanding how near-stream homeowners conceptualize nutrient pollution 
related to hydrologic interactions and understanding problems and values they place on 
streams.  More specifically, I examined the connections homeowners make between 
precipitation that falls on their yard, groundwater, and stream water.  I also explored what 
problems homeowners perceive with streams and if they can relate individual actions to 
those problems.  Finally, I assessed the values homeowners place on streams and stream-
land. 
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Biophysical Investigation 
Groundwater Monitoring.  In November 2007, twelve monitoring wells were 
installed on public property along College Creek in west Ames, Iowa.  The site is a part 
of a public green belt system owned and maintained by the City of Ames Parks 
Department.  Three soil cores were taken before wells were installed on the site by 
pushing a 3-inch-diameter core barrel into the soil.  The intact soil cores were used to 
characterize the site stratigraphy and preserved for future educational opportunities 
(Appendix A).  Soils in this area are in the Coland-Terril complex consisting of poorly to 
moderately well drained, moderately permeable soils formed from local alluvium and in 
loamy alluvial sediments (DeWitt 1984).  
Monitoring wells were organized in transects of four wells, at a 45 degree angle to 
the stream using a Giddings hydraulic soil coring rig (Figure 1).  Wells are between 5 and 
Figure 1 
Groundwater monitoring site – City of Ames, Iowa public open space.  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11 ft deep.  Wells were constructed of 1.25 inch ID, schedule 40 PVC pipe.  Three feet, 
0.020 in slot, screened interval were set slightly below the water table.  Coarse sand was 
placed around the well screens extending approximately one foot above the top of the 
screen (approximately 4 ft minus any collapse).  Bentonite was then used to seal the 
remaining borehole up to the ground surface.  Steel casings with locks were then placed 
around wells to protect them from the weather and vandals. 
Groundwater was sampled monthly using a peristaltic pump and analyzed for 
nitrate-N, TDP, and dissolved O2 (Appendix A).  Samples for TDP and SRP were filtered 
in the field using a 0.45 μm disposable-capsule filter and collected in pre-cleaned glass 
bottles.  Dissolved O2 was analyzed in the field monthly using a CHEMetrics photometric 
analysis.  Total dissolved carbon and organic carbon was analyzed quarterly. Two days prior to sampling, hydraulic head measurements were taken and wells were purged of 11/2 of the casings volume. All samples were analyzed in the Limnology Laboratory in the Department of Ecology, Evolution, and Organismal Biology (EEOB) at Iowa State University.  Total phosphorus, total dissolved phosphorus, and soluble reactive phosphorus were analyzed following the Murphy Riley method (SM 4500‐P, E) in Standard Methods (American Public Health Association, 1998).  Total nitrogen and nitrite plus nitrate nitrogen were analyzed using the second derivative ultraviolet spectroscopy method (Crumpton, et. al, 1992).  Dissolved organic carbon and total dissolved carbon were analyzed using a Shimadzu TOC Analyzer.  This automated method is equivalent to the total organic carbon method (SM 5310 B) in Standard Methods (American Public Health Association, 1998). 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Social Perceptions and Understanding 
Any strategy aimed at the effective management of the nation’s water resources 
must include the inputs and perspective of the public (Canter et al. 1993).  Despite the 
importance of groundwater as a resource and the role of people in managing resources, a 
very limited amount of research has been dedicated to exploring urban resident 
perceptions and technical understanding of groundwater.   
Perceptions and beliefs are critical to forming opinions and shaping human 
behavior (Bell et al. 2001). Perceptions include quick interpretations of a place or thing 
based on our past experiences while beliefs are what one believes to be true.   
Social Investigation.  A two-phase social investigation occurred utilizing a 
combination of qualitative and quantitative methods: qualitative, semi-structured, focus 
groups and a quantitative mailed survey. All work with participants was approved by the 
ISU institutional review board.  
Focus Groups.  Focus groups reviewed draft surveys and identified potential 
comprehension problems and suggested improved multiple choice answers.  Two sets of 
focus groups were administered in March 2008 with five participants in each group.  
Both began with introductions, the participants reading and acknowledging a Human 
Subjects form, and a brief description of the research project.  Participants were then 
asked to complete a draft survey intended for the second phase.  The survey was then 
reviewed and discussed by the group on a question by question basis.  Cross section and 
elevation drawings were utilized to help facilitate discussion about potential groundwater 
depth.  The draft survey was then revised to include results from the focus groups. 
Finally, it was reviewed with staff from the city department of Water and Pollution 
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Control in order to get their inputs and perspectives.  
Survey.  A survey was administered to 934 homeowners within the city and urban 
fringe limits in Ames in April 2008. Each household was notified by mail and invited to 
participate (Appendix B). The letter contained information about why participants were 
being contacted, how this information will benefit the community, researchers contact 
information, and instructions for Internet participation in order to conserve resources.  
Other information was also included as mandated by ISU’s Human Subjects Review 
Board/Institutional Review Board.  Surveys were mailed to homeowners 10 days after the 
initial letter (Appendix B).  Thank you/reminder cards were mailed to the remaining non-
respondents ten days after receiving the survey mailing.  A final contact was made with 
all non-respondents two weeks later by sending replacement surveys.  
The survey was designed using the information gleaned from the focus groups 
and incorporated principles described by Dillman (2000).  Several of these design 
principles included the survey being legible, brief, professional, and to appear to be 
coming from a legitimate source.  It consisted of 22 multiple-choice, closed-ended, 
multiple response, and scaled response questions.  Response options for ‘don’t know’ and 
‘other (please specify)’ were incorporated as much as questions would allow in order to 
eliminate guesses for answers and possible answers/comments not otherwise allowed 
within close ended questions.  The survey itself was four pages long (one 11” by 17” 
folded in half) and was placed with a single letter size invitation letter. 
Question Topics.  The survey included 22 questions (Appendix A) pertaining to 
groundwater and stream water understanding, the interactions between groundwater, 
stream water, and precipitation, land management practices, beliefs about nutrient 
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movement, stream problems and values, visual preferences, and demographics.  Beliefs 
and a general understanding about groundwater were addressed along with a question 
asking respondents if they think groundwater is present near their home and, if so, at 
what depth.  Questions regarding sump pumps and problems with water in their 
basements were also asked.   
Another set of questions assessed beliefs about where stream water comes from 
and the connection between groundwater and stream water.  One question was asked 
regarding beliefs about where water goes that falls on their yard.  Questions included how 
often they water and fertilize their yards and how they manage grass clippings and pet 
waste.  Several questions assessed respondents’ beliefs concerning the ability of urban 
land practices, such as fertilization, to degrade water quality in streams and groundwater. 
Respondents were questioned concerning perceived problems with stream water, 
land near streams, and the stream itself.  Questions asked respondents why local streams 
are important, and if the presence of a stream affected their decision to purchase their 
home were asked.  Questions asking respondents what they want or like to see when 
looking at streams were used to evaluate visual preferences. 
Demographic questions included gender and age.  Auxiliary information for 
respondents and their specific parcels was also assembled from city and county GIS 
databases, including assessed property value, owner-occupied or rental status, and parcel 
location and size.   
Sample Selection.  Identification of the sample was managed utilizing GIS. 
Homeowners included in the survey sample included a total sample of those meeting 
selection criteria relating to size of their parcel, close proximity to an Ames stream, 
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location west of 
interstate 35, and not 
within another town’s 
incorporated limits.  
The sample included 
only owner-occupied 
residential properties 
within city and urban 
fringe limits 
identified from city property inspection reports. Two sub-samples were developed related 
to stream–property juxtaposition (Figure 2).  The first, known as Tier one, included 
residential properties including or abutting a stream or properties immediately adjacent to 
public land including a stream.  Tier two included residential properties immediately 
behind tier one. Residential properties were eliminated from the sample if lot size 
exceeded five acres. 
Study Area.  The study area is located in the Des Moines Lobe ecoregion, which 
is one of the youngest and flattest regions in Iowa with a generally level to gently rolling landscape (see Iowa DNR n.d.a).  Stream networks within this ecoregion are 
characterized as poorly developed and widely spaced.  This region has been converted 
from wet prairie to agricultural using substantial surface and subsurface drainage.  Areas 
under urban land cover incorporate storm sewer drainage systems that that quickly 
channel runoff from roads and other impervious surfaces. 
Figure 2 
Parcel selection example  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The study site includes the 
city of Ames in west central Story 
County, Iowa and its urban fringe, 
a two-mile buffer around the city 
(Figure 3).  Ames comprises 22 
square miles with a population 
estimated to be approximately 
54,700 in the summer of 2007 (.  
Ames and its urban fringe include 
approximately 78 square miles.  
Iowa State University is located in 
Ames with a student population of around 27,000. Ten perennial streams were identified 
within the study area ranging in size from first order tributaries to a fourth order stream. 
Social data used in this study was collected from Ames and its urban fringe while 
biophysical data was collected from a well site located on one of the first order tributaries 
within city limits, College Creek.  
  The Ames aquifer is situated on an alluvial/buried-valley aquifer system in 
which the City of Ames’ municipal wells reside (Christianson 2008).  Streams, such as 
College Creek and other first order tributaries in the watershed, recharge the aquifer once 
they enter alluvial material (Burkart et. al. 1999), thereby influencing water quality and 
quantity available for public use.  
Data analysis.  Surveys were coded with unique identifiers tied to parcel 
ownership for analysis purposes. Responses were coded and entered into Microsoft Excel 
Figure 3 
Study Area – Ames Iowa and its urban fringe.  
 
  11 
and then imported into a statistical software package, SPSS, for analysis.  Response 
frequencies were calculated for all questions. Cross tabulation was utilized to further 
characterize responses.    
 
Thesis Organization 
 The two chapters that follow are written as papers, each of which could be 
submitted for publication.  Groundwater monitoring results are integrated with social 
beliefs related to interactions between groundwater, streams, and respondents yards in 
chapter two.  The focus of Chapter Three includes social beliefs regarding potential 
problems with streams/riparian areas and values respondents place on these areas.  The 
final chapter, general conclusion, summarizes the overall conclusions of the research and 
recommends future research topics.  
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CHAPTER 2:  URBAN GROUNDWATER:  
NUTRIENT POLLUTION AND SOCIAL BELIEFS 
 
Prepared for the Journal of Soil and Water Conservation 
 
Abstract:  This research explored shallow urban groundwater systems relative to 
nutrient pollution and hydrological interactions by integrating biophysical and social data 
relative to each other.  Monitoring data from 12 shallow wells associated with an urban 
tributary stream were examined for nutrient levels and flow direction.  A survey of 
riparian homeowners was utilized to evaluate knowledge and beliefs regarding 
groundwater.  Results suggest that groundwater flows from an adjacent neighborhood 
towards a small tributary stream while carrying concentrations of nutrients.  Survey 
results identified a lack of understanding regarding shallow groundwater and pollutant 
movements into stream water and aquifers.  
 
Key words: nutrient pollution–residents perceptions–stream water–urban groundwater 
quality 
 
 Urban landscapes represent some of the most highly modified landscapes in 
the world.  Impacts of urbanization occur not only during initial land development but 
also persist as hydrological processes are radically altered and humans manage the 
landscape.  Hydrological issues most frequently noted in urban areas focus on runoff.  
Nutrient concentrations in urban groundwater is less frequently studied and discussed.  
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More so, a limited amount of research has been dedicated to exploring urban resident 
perceptions and understanding of groundwater.  Public input and perspectives must be 
considered in order to effectively manage the nation’s water resources (Canter et. al. 
1993).    
 This research studied groundwater flow and nutrient concentrations adjacent to an 
urban stream in a residential neighborhood.  A survey was administered simultaneously 
to near-stream homeowners to characterize their perceptions about groundwater, their 
technical understanding about its depth and extent near their home, and groundwater’s 
vulnerability to pollution by urban land use.  How frequently do homeowners associate 
sump pump discharge from their house foundations with the presence of shallow 
groundwater?  How do they conceptualize the physical relationship between shallow 
groundwater and surface water in adjacent streams?   
Biophysical.  A majority of the current research regarding shallow urban 
groundwater focuses on contamination from deicing salts.  Little research has been 
dedicated to nutrient pollution.  Nutrient pollution in groundwater needs to be better 
understood and documented in urban areas in order to protect this valuable resource.  
Urbanization leads to a variety of hydrological changes.  The frequency and 
severity of flooding is generally increased as peak discharges can be as much as two to 
five times the predevelopment rate (Storm and Nathan 1998).  Storm drain systems 
deliver runoff to the stream in a shorter amount of time when compared to pre-
development conditions.  Runoff is estimated at 10% under natural cover, increases to 
23% under low density residential, and can increase to 30% in typical urban residential 
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settings (Randolph 2004).  Generally as urban runoff increases, so does the pollution it 
carries.  
Groundwater is a valuable, renewable natural resource, but if contaminated, it 
may be deemed non-renewable and unusable (Crocker and Forster 1991).  Groundwater 
resources in some regions of the U.S. are getting scarcer and increasingly polluted, 
thereby affecting options for social and economic growth and development (Kemper 
2004).  Major concerns regarding groundwater involve human activities that can 
contaminate groundwater (Iowa DNR n.d.b).  Recent emphasis has been on nonpoint 
sources of pollution to surface and groundwater from both agricultural and urban runoff 
(Canter et al. 1993).  Groundwater is an extremely valuable natural resource in Iowa 
(Iowa DNR n.d.b) and accounts for approximately fifty-eight percent of public water 
consumption in the state (Prior et. al. 2003).   
Groundwater / Stream Water Connection.  Groundwater, in this study, refers to 
water under saturated conditions.  Groundwater sustains smaller streams during dry 
periods, entering through the channel sides and bottom.  These are called “gaining” 
streams, and the portion of water that they receive from groundwater is referred to as base 
flow.  This can also happen in reverse with stream water moving through the channel 
bottom and banks to become groundwater.  Streams losing water to groundwater are 
considered “losing” streams and are often found in floodplain settings.  Streams can be 
both gaining and losing depending upon their hydrological setting and recent 
precipitation events. 
Nutrient Pollutants.  Excess nitrogen and phosphorus impairs many surface 
waters in Iowa and other Midwestern states (Burkart et al. 2004).  While much of this can 
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be linked to sources from runoff, groundwater can provide a nearly constant base flow to 
surface waters thereby impacting nitrogen and phosphorus concentrations.  Nitrogen in 
groundwater can come from a variety of sources including manure and fertilizer 
applications to the land surface, atmospheric deposition, and fixation (Saad and 
Thorstenson 1998).  Nitrogen can also occur naturally as a result of nitrogen-consuming 
substances in aquifer materials, though usually at low concentrations less than 4 mg/L in 
water (Saad and Thorstenson 1998; Sigler n.d.).  Excess nitrogen can encourages the 
spread of weeds into areas such as prairies occupied by native plants that are adapted to 
nitrogen-poor environments and cause rising atmospheric concentrations of the 
greenhouse gas, nitrous oxide (see Cunningham and Saigo 2001).  Nitrogen entering 
rivers and lakes is also linked to toxic algae blooms. 
Water quality deterioration can lead to increased water treatment costs due to 
water quality standards (Canter et al. 1993).  The primary health threat for humans 
associated with large concentrations of nitrogen compounds in drinking water include: 
methemoglobinemia (“blue-baby” syndrome) which is the result of low levels of oxygen 
in the blood of infants (Fan and Steinberg 1996, Knobeloch et al. 2000), miscarriage 
(Kramer et al. 1996), and increased risk of non-Hodgkin’s lymphoma (Ward 1996).  For 
these reasons, the U.S. Environmental Protection Agency established a maximum nitrate-
N concentration level of 10 mg/L in drinking water (U.S. EPA 1995).   
 High phosphorus levels are also of concern.  Naturally, phosphorus is leached 
from rocks and other mineral deposits over long periods of time.  Phosphorus can also 
fluctuate naturally through erosion or deposition of soils containing phosphorus.  Deep 
sediments of the oceans are significant phosphorus sinks of extreme longevity (see 
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Cunningham and Saigo 2001).  Our present use of phosphates is an accelerated 
mobilization of phosphorus from source to sink.  Groundwater discharging to Iowa 
streams and lakes is able to contribute levels of phosphorus needed to disrupt ecological 
stability (Burkart et al. 2004). 
Phosphorus is the main nutrient that drives eutrophication in most surface waters 
(see Spetzman et al. 2004).  High levels of phosphates upset ecosystem stability by 
stimulating explosive growth of algae and photosynthetic bacteria populations.  Oxygen 
within water is then depleted once the abnormally high populations of algae and bacteria 
die and are decomposed, creating a condition called eutrophication.  Eutrophication can 
lead to fish kills and the proliferation of toxic microbes.  
Social.  Any strategy aimed at the effective management of the nation’s water 
resources must include the inputs and perspective of the public (Canter et al. 1992).  
Despite the importance of groundwater as a resource and the role of people in managing 
resources, a very limited amount of research has been dedicated to exploring urban 
resident perceptions and technical understanding of groundwater.   
Perceptions and beliefs are critical to forming opinions and shaping human 
behavior (Bell et al. 2001).  Perceptions include quick interpretations of a place or thing 
based on our past experiences while beliefs are what one believes to be true.   
Mahler et al. (2005) conducted a multi state survey in the U.S. Pacific Northwest 
about public perceptions of groundwater.  They found that respondents know much less 
about groundwater than surface water quality.  When asking respondents to rate 
groundwater quality, almost one-quarter indicated that they did not have enough 
information to state an opinion. McCalliser (1996) found a similar relationship between 
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technical understanding and depth of soil.  He reported farmers’ understanding of soil 
properties fell dramatically as depth into the soil profile increases. 
Study Area.  The study 
area is located in the Des Moines 
Lobe ecoregion, which is one of 
the youngest and flattest regions in 
Iowa with a generally level to 
gently rolling landscape (Iowa 
DNR n.d.a).  Stream networks 
within this ecoregion are 
characterized as poorly developed 
and widely spaced.  This region 
has been converted from wet 
prairie to agricultural and urban use with substantial surface and subsurface water 
drainage.  Areas under urban land cover incorporate storm sewer drainage systems that 
that quickly channel runoff from roads and other impervious surfaces.  
The study site includes the city of Ames in west central Story County, Iowa and 
its urban fringe, a two-mile buffer around the city (Figure 1).  Ames is approximately 22 
square miles in size with a population of 54,700 (City-Data 2007) and includes Iowa Sate 
University.  Ten perennial streams were identified within the study area ranging in size 
from first order tributaries to a fourth order stream.  Social data used in this study was 
collected from Ames and its urban fringe while biophysical data was collected from a 
well site located on one of the first order tributaries within city limits, College Creek.  
Figure 1 
Study Area – Ames Iowa and its urban fringe. 
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The Ames aquifer is situated on an alluvial/buried-valley aquifer system in which 
the City of Ames’ municipal wells reside (Christianson, 2008).  Streams, such as College 
Creek and other first order tributaries in the watershed, recharge the aquifer once they 
enter alluvial material (Burkart et. al. 1999), thereby influencing water quality and 
quantity available for public use. 
 
Materials and Methods 
Groundwater Monitoring.  In November 2007, twelve monitoring wells were 
installed on public property along College Creek in west Ames.  The site is a part of a 
public green belt system owned and maintained by the City of Ames Parks Department.  
Soils in this area are in the Coland-Terril complex consisting of poorly to moderately 
well drained, moderately permeable soils formed from local alluvium and in loamy 
alluvial sediments (DeWitt 1984).  
Monitoring wells were organized in transects of four wells, at a 45 degree angle to 
the stream (Figure 2).  Wells were installed using a Giddings hydraulic soil coring rig and 
are between 5 and 11 feet deep.  Groundwater was sampled monthly and analyzed for 
nitrate-N, TDP, and dissolved O2 in order to assess nutrient concentrations.  Samples for 
TDP and SRP were filtered in the field through a 0.45 μm disposable-capsule filter and 
placed in pre-cleaned glass bottles.  Dissolved O2 was analyzed in the field monthly using 
a CHEMetrics photometric analysis.  Total dissolved carbon and organic carbon was 
analyzed quarterly.  Two days prior to sampling, hydraulic head measurements were 
taken and wells were purged of 11/2 of the casings volume. 
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All samples were analyzed in the Limnology Laboratory in the Department of 
Ecology, Evolution, and Organismal Biology (EEOB) at Iowa State University.  Total 
phosphorus, total dissolved phosphorus, and soluble reactive phosphorus were analyzed 
following the Murphy Riley method (SM 4500-P, E) in Standard Methods (American 
Public Health Association, 1998).  Total nitrogen and nitrite plus nitrate nitrogen were 
analyzed using the second derivative ultraviolet spectroscopy method (Crumpton, et. al, 
1992).  Dissolved organic carbon and total dissolved carbon were analyzed using a 
Shimadzu TOC Analyzer.  This automated method is equivalent to the total organic 
carbon method (SM 5310 B) in Standard Methods (American Public Health Association, 
1998). 
 Social Investigation.  A two-phase social investigation utilized a combination of 
Figure 2 
Groundwater monitoring site – City of Ames, Iowa public open space. 
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qualitative and quantitative methods: qualitative, semi-structured focus groups and a 
quantitative mailed survey.  All work with participants was approved by the ISU 
institutional review board.  
 Focus Groups.  Focus groups reviewed draft surveys, identified potential 
comprehension problems, and suggested improved multiple choice answers.  Two sets of 
focus groups were administered in March 2008 with five participants in each group. 
Participants completed a draft survey intended for the second phase.  The survey was 
then reviewed and discussed by the group on a question by question basis.  Cross sections 
and elevation drawings were utilized to facilitate discussion about groundwater depth.  
The draft survey was then revised to include results from the focus groups.  
Survey.  A survey was administered to 934 homeowners within the city of Ames 
and its urban fringe limits in April 2008.  Each household was invited to participate by 
mail.  Thank you/reminder cards were mailed to the non-respondents ten days after 
receiving the survey mailing.  A final contact was made with all non-respondents two 
weeks later by sending replacement surveys.  
The survey was designed using the information gleaned from the focus groups 
and incorporated principles described by Dillman (2000).  The survey consisted of 11 
questions.  Four different groups of questions were used including: multiple-choice, 
closed-ended, multiple response, and scaled response questions.  Response options for 
‘don’t know’ and ‘other (please specify)’ were incorporated as much as questions would 
allow in order to eliminate guesses for answers and possible answers/comments not 
otherwise allowed within closed-ended questions.  
Question Topics.  The survey included questions pertaining to groundwater 
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understanding, the interactions between groundwater and stream water, fertilization 
practices and beliefs about nutrient movement, and demographics.  Beliefs about 
groundwater were addressed with a question asking respondents if they think 
groundwater is present near their home and, if so, at what depth.  Two questions 
regarding sump pumps and problems with water in their basements were also asked.  
Understanding about stormwater runoff patterns was included.  Another set of questions 
assessed beliefs about where stream water comes from and the connection between 
groundwater and stream water.  Several questions were utilized to assess respondents’ 
beliefs concerning the ability of urban land practices, such as fertilization, to degrade 
water quality in streams and groundwater.  Respondents were also asked how often they 
fertilize their yards.  Demographic questions included gender and age.  Auxiliary 
information for respondents and their specific parcels was also assembled from city and 
county GIS databases, including assessed property value, owner-occupied or rental status, 
and parcel location and size.   
Sample Selection.  Identification of the sample was managed utilizing GIS. 
Homeowners included in the survey sample included a total sample of those meeting 
selection criteria relating to size of their parcel and proximity to an Ames stream.  The 
sample included only owner-occupied residential properties within city and urban fringe 
limits identified from city property inspection reports.  Two sub-samples were developed 
related to stream–property juxtaposition.  The first, known as tier one, included 
residential properties including or abutting a stream or properties immediately adjacent to 
city owned public space including a stream (Figure 3).  Tier two included residential 
properties immediately behind tier one. Residential properties were eliminated from the 
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sample if lot size 
exceeded five acres. 
Data analysis.  
Surveys were coded 
with unique 
identifiers tied to 
parcel ownership for 
analysis purposes.  
Responses were 
coded and entered into Microsoft Excel and then imported into a statistical software 
package, SPSS, for analysis.  Response frequencies were calculated for all questions. 
Cross tabulation was utilized to further characterize responses.    
 
Results and Discussion 
Groundwater Monitoring.  Comparisons of hydraulic head measurements 
within each transect of wells indicate that groundwater is flowing towards College Creek 
(Table 1).  Seasonal fluctuations were found with generally a higher water table in the 
spring and a lower water table in the later summer and early fall.  College Creek is a 
gaining stream within the study site (Figure 4).  
Water Quality.  Throughout the study period, several wells contained nutrient 
concentrations above ecological threshold limits.  Total dissolved phosphorus 
concentrations ranged from 631.1 to 0.9 µg/L while mean TDP concentrations for 
individual wells ranged from 7.1 to 108.4 µg/L.  TDP concentrations above 50 µg/L were 
Figure 3 
Parcel selection example. 
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found in four of the twelve wells over various time periods during the sampling period.  
After one year of data, the samples register a mean of 35 µg/L (n=143) and a median of 
13 µg/L, higher than a median TDP value of 15 µg/L reported in urban settings (see 
Burkart et. al. 2004). 
Table 1 
Mean parameters determined from monthly sampling. 
 
Hydraulic Head 
(feet above sea 
level) (n=12) 
Total Disolved P 
(ug/L)   
(n=12) 
Nitrate-N 
(mg/L)  
(n=12) 
Dissolved O2 
(mg/L)   
(n=6) 
Nonpurgable 
Organic C (mg/L)  
(n=3) 
E1-A 996.57 7.57 1.22 1.75 3.11 
E1-B 996.83 94.66 3.53 3.12 3.58 
E1-C 997.14 11.00 14.11 5.47 7.06 
E2-A 997.22 12.98 0.36 1.85 3.11 
E2-B 997.95 9.96 2.72 1.77 1.86 
E2-C 1003.21 12.12 5.57 6.27 1.26 
E3-A 997.23 26.33 3.77 1.58 3.02 
E3-B 998.43 108.37 6.95 3.17 4.11 
E3-C 999.10 40.77 2.83 3.15 2.69 
E4-A 1000.23 13.69 1.17 2.40 3.63 
E4-B 1001.01 74.02 1.35 4.97 1.44 
E4-C 1001.73 7.09 0.48 3.73 1.54 
Mean 998.89 34.88 3.67 3.27 3.03 
Median 998.19 13.34 2.77 3.13 3.06 
Stream - 86.50 7.07 - - 
 
Figure 4 
Water table – highest recorded (3/16/08) 
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Nitrate-N concentrations (above 10 mg/L) were found in 3 of the 12 wells over 
various time periods after one year of sampling.  Furthermore, one well had a mean NO3-
N concentration of 14 mg/L during the entire sampling period, which is significantly 
greater (significance < 0.05) than the US EPA drinking water regulation of 10 mg/L.  
Seasonal fluctuations were also detected with larger concentrations during the spring 
after one year of data.  Seasonal differences are speculated to be attributed to 
precipitation and/or residential fertilization. 
Denitrification may be occurring as water flows toward College Creek in two of 
the four transects (Table 1).  This presumption is due to nitrate-N concentrations and 
dissolved oxygen concentrations decrease as groundwater flows towards College Creek 
in transects E1 and E2 and the presence of organic carbon. 
Social Investigation.  Sixty-nine percent of all usable surveys were returned 
(n=624).  Tier one and two were nearly equally represented with tier one comprising 49% 
(n=305) of the responses and 51% (n=318) from tier two.  Tier one response rates were 
seventy-five percent while sixty-six percent responded from tier two.  
Responses by gender and age were reasonably well distributed when compared to 
Ames and Iowa populations.  Men comprised 56% of respondents, while women 
accounted for 44%.  The Ames population includes 52% men and 48% women (U.S. 
Census 2000).  The largest number of respondents was between the ages of 50 and 59 
(31%).  The median age in Iowa was 36.6 years in 2000 (U.S. Census 2000).  The 
difference in ages between the Iowa median and survey participants may be attributed to 
the sample requirement for home ownership. 
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Assessed home values were very similar between the population of respondents 
and non-respondents in the sample.  The median assessed value of respondent homes was 
$209,500 while median assessed value of non-respondent homes was $197,750.  The 
largest number of respondents, forty percent, own homes with an assessed between 
$100,000 and $199,999.  
Groundwater Understanding.  Respondents hearing their sump pump run more 
frequently were more likely to report groundwater at shallower depths than those hearing 
the pump run less often (Table 2).  However, a majority of respondents (59%) indicated 
they don’t know if groundwater is present or how deep it is near their home.  Of the 
twenty-two percent (n=95) who reported hearing their pump running more than 14 days 
in a typical year, 57% were unsure if groundwater is present near their home.  Most of the 
respondents believe that the majority of rainfall that falls on their yard soaks into the soil 
(38%) or plants take it up (38%) (Table 3).  
Only 23% of respondents believe that the 
majority of rainfall that falls on their yard runs 
off or enters the storm drain system. 
Table 2 
Sump pump use vs. depth of groundwater.  Comparison of reported sump pump use 
frequency with how deep respondents perceive groundwater to be, of respondents that report 
having a sump pump. (n=426) 
 
No 
groundwater 
Present 
More than 
12 feet 
deep 
6 to 12 
feet deep 
0 to 5.9 
feet deep 
Don't 
Know 
Never 3.5% 8.9% 4.2% 2.6% 30.8% 
3 or less days per year 0.5% 2.1% 0.9% 0.5% 7.5% 
4 to 14 days per year 0.9% 2.6% 3.5% 1.4% 7.7% 
14 or more days per year 0.0% 0.9% 5.6% 2.6% 13.1% 
 
Table 3 
The majority of rainfall that falls on 
my yard: (n=621) 
Runs off the land 18.0% 
Plants take it up 38.5% 
Soaks into the soil 38.0% 
Enters the storm drain system 5.3% 
Don't Know 7.1% 
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 Groundwater / Stream Water Interaction.  Results suggest that a large portion of 
respondents were unsure if a physical connection exists between groundwater and stream 
water.  Forty-two percent (n=254) of respondents acknowledged they don’t know if 
groundwater and stream water are connected and three percent (n=21) believe there is no  
physical connection (Table 4).  Of the remaining fifty-five percent (n=334) who believe 
there is a connection, twenty-eight percent (n=96) indicated that streams are both gaining 
and losing.  
 The source of water in streams is also understood differently between 
respondents.  Nearly all respondents (97%) agreed that runoff from rain and snowmelt 
enters streams (Table 5).  Storm drain pipes, agricultural field tiles, and groundwater 
were each identified by slightly more than half of respondents.  
Fertilization Practices and Beliefs about Nutrient Movement.  Respondents 
acknowledged less understanding for questions pertaining to pollution of groundwater 
when compared to surface water pollution.  When asked if they believe fertilizers have 
the potential to reach stream water, shallow groundwater, and deeper aquifers, “don’t 
know” response rates 
increased respectively 
(Table 6).  These results 
Table 5 
Water in streams comes from: (n=592) 
Runoff from rain and snowmelt 97.3% 
Storm drain pipes 56.3% 
Agricultural field tiles 58.4% 
Groundwater 55.4% 
 
Table 6 
Do fertilizers applied to lawns have the potential to end up in: 
(n=612) 
 Yes No Don't Know 
Stream water 78.3% 6.7% 14.5% 
Shallow groundwater 57.7% 5.1% 37.3% 
Deeper groundwater aquifers 39.2% 10.9% 49.8% 
 
Table 4 
Groundwater/Stream water 
Connection. (n=609) 
Losing Stream 30.2% 
Gaining Stream 42.5% 
No Connection 3.4% 
Don't Know 41.7% 
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are supported by Mahler (2005) who found that 
respondents understood much less about 
groundwater quality than surface water quality.  
McCalliser (1996) also noted that farmers’ 
understanding of soil properties decreases as depth 
in the soil profile increased. 
Sixty-eight percent of respondents (n=423) reported fertilizing their yard last year 
(Table 7).  Of those that fertilized last year, 33% reported fertilizing three or more times. 
 
Summary and Conclusions  
 This research focused on understanding the biophysical and social knowledge of 
urban groundwater related to smaller tributary streams.  I wanted to characterize 
groundwater flow and nutrient pollution between residential neighborhoods and small 
tributary streams.  I also wanted to understand the knowledge and beliefs that 
homeowners living close to streams have in regard to groundwater and interactions 
between precipitation, groundwater, stream water, and fertilization practices.  Data 
analysis revealed that shallow groundwater feeds a smaller tributary stream in the study 
area and on its way the groundwater carries sufficient concentrations of nutrient pollution 
able to impact stream ecology and aquifer viability.  On the contrary, many respondents’ 
responses suggest they misunderstand hydrological connection between their yard, 
shallow groundwater, stream water, and deeper groundwater aquifers. 
Biophysical results indicated that there is shallow groundwater below the surface 
and that it flows from and adjacent neighborhood towards the stream.  Research 
Table 7 
How often was your yard 
fertilized last year? (n=622) 
Not Fertilized 30.7% 
Once or twice 43.4% 
Three or four times 20.0% 
Five or more times 2.6% 
Don't remember 1.9% 
Other 1.3% 
 
 29 
identified a widespread lack of understanding concerning groundwater extent and flow.  
Though some respondents understand that shallow groundwater is below their home, over 
half acknowledged they do not know.  A relationship was identified between those that 
know how deep groundwater is and the frequency of sump pumps running.  Respondents 
reporting their sump pumps running more frequently reported shallower groundwater 
depths near their home.   
Research identified that nearly half of respondents indicated they do not know if 
groundwater and stream water are connected, yet slightly over half acknowledge that 
water in streams can come from groundwater.  A similar percentage of respondents, 
slightly over half, acknowledge stream water can come from storm drains.  These 
findings indicate that some homeowners may not associate land management practices 
with stream problems. 
Nearly half of respondents believe that the stream near their house is a gaining 
stream.  A majority of respondents believe fertilizers applied to lawns can reach shallow 
groundwater, while far fewer believe fertilizers can reach deeper aquifers where drinking 
water is derived from.  These findings are important when relating them to aquifer 
characteristics, where stream water recharges aquifers in flood plain settings, because 
respondents do not realize that fertilizers applied to yards may end up in aquifers 
supplying their drinking water. 
Confusion about runoff and flow by homeowners was identified throughout this 
research.  These results suggest respondents lack critical understanding relative to non-
point source pollution of ground and stream water.   And even though a large number of 
respondents believe fertilizers applied to lawns can end up in stream water, high rates of 
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fertilization were reported, with two-thirds fertilizing in the last year.  This suggests that 
even if homeowners are educated regarding nutrient movement, lower fertilization rates 
may not occur. 
 Several biophysical and social limitations apply to this research.  Biophysical data 
was a limiting factor with only one year of data and a limited about of analysis run.  
While the social data can likely be compared or translated reasonably well to other 
locations it is only representative of one community.  So, more research is needed not 
only in terms of social data but also in terms of shallow groundwater monitoring, 
particularly in urban environments.   
 Riparian buffers have a potential role in reducing pollutants before they enter the 
saturated zone.  However, buffer establishment alone may not reduce nitrate loading in 
groundwater.  Homeowners must be willing to apply less fertilizer to their property.  
Education strategies need to be developed not only to save frogs and fish, but also to save 
children from drinking contaminated water.  
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CHAPTER 3:  URBAN HOMEOWNERS PERCEIVED PROBLEMS  
AND VALUES OF STREAMS AND NEAR-STREAM LAND. 
 
 
Prepared for Society and Natural Resources 
 
 
 
Abstract:  Urban development presents streams and near-stream-land with a multitude 
of water quantity and quality problems.  This research explored the social context of 
urban residents’ relative to streams and near-stream land.  A survey of near-stream urban 
homeowners was utilized to evaluate perceived problems and values in order to help 
facilitate future restoration initiatives.  A response rate of 69% (n=624) was achieved.  
Results suggest that respondents identified impacts of problems more frequently than the 
cause or source of the problem.  Respondents were also shown to value streams 
differently based on demographic and location factors. 
 
Key words: social context–stream values–urban homeowners–water quality 
perceptions–water quantity perceptions 
 
Urbanization is by far the most significant of all the land-use changes that 
can impact the hydrology of a watershed (Riley 1998).  These impacts are caused by 
and increase in storm water runoff leading to flooding, erosion, stream channel alteration 
and ecological damage, to name a few.  Urbanization’s impacts on streams and riparian 
areas have received little attention from researchers despite mounting international 
concerns about unsustainable resource use and pollution generation from urban areas 
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(Walsh 2000; Paul and Meyer 2001). 
Urbanization leads to a variety of hydrological changes.  The increased frequency 
and magnitude of flooding and decreased baseflow are among the most important impacts 
of urbanism (Schueler 1987).  Peak discharges can be as much as two to five times the 
predevelopment rate (Storm and Nathan 1998) as piped storm drain systems deliver 
runoff to the stream in a shorter amount of time when compared to pre-development 
conditions.  Runoff is estimated at 10% under natural cover, increases to 23% under low 
density residential, and can increase to 30% in typical urban residential settings 
(Randolph 2004).  These extremes in stream flow upset stream balances causing physical, 
ecological, and social impacts not only to the stream and stream-land but also to 
hydrological processes down stream.  Generally as urban runoff increases, so does the 
pollution it carries. 
Healthy near-stream areas provide an important list of services to both people and 
the landscape (see Fallon and Smolen 1998).  Near-stream areas can protect banks from 
erosion, reduce flooding by storing water, and shade streams to help maintain water 
temperature.  They can provide food and shelter for wildlife and are also repositories of 
biological diversity.  The effects of non-point source pollution can also be mitigated by 
near-stream areas.  Critical recreation, aesthetic, and emotional experiences for people are 
also often provided by riparian areas (Wagner 2008). 
Why people value streams/elements they find important.  People value streams 
for multiple reasons including aesthetic, ecological, recreational, functional, and 
emotional values (Wagner 2008).  In a study of landowners relative to a Midwestern 
watershed, Wagner (2008) found respondents that live by streams value wildlife habitat 
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as the most important stream and stream-land function, indicated as being very important 
by 83% of respondents.  She found respondents to value aesthetics and the ability to 
provide energy and material flow equally, indicated as being very important by 81% of 
respondents.  Filtering soil and other pollutants and providing recreational opportunities 
was found as very important by 80% and 58% of respondents respectively.  In a study of 
rural, residential, and agricultural property owners living within one mile of a river basin 
Ryan (1998) found that home proximity to rivers was not significantly related to visual 
preference for a river. 
Concerns about water quality.  Water quality concerns were found to be 
important to the public by a number of researchers.  Demographic and locality 
characteristics of studied population were found to play an important role in evaluating 
water quality problems.  Wright et al. (2007) conducted a survey of urban and 
agricultural residents in Iowa.  They found respondents believed fertilizers negatively 
affected water quality in their area more than animal waste and septic systems.   
Women and younger respondents have been identified in past research as more 
concerned about water quality than older male respondents in the same study.  House 
(1996) identified younger respondents as more concerned about water quality in her study 
of public perceptions regarding river and beach water quality.  She also reported forty-
four percent of women rated water quality as “very poor” compared with twenty-six 
percent of men.  Mahler et al. (2005) reports similar findings in a study about 
groundwater in the Pacific Northwest, with males much more likely to rate groundwater 
quality as good or better compared with females, who were less likely to have an opinion 
about groundwater quality.  They also found that older respondents, those greater than 40 
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years of age were more likely to rate groundwater quality as good or better than younger 
respondents who were less likely to express and opinion about groundwater quality, 
similar to findings by House (1996). 
Hamilton (1985) conducted a survey in a small town several months after the 
citizens learned that their drinking water contained unsafe levels of chemical 
contamination.  His results suggested poorer and particularly male residents tended to be 
the least concerned.  Hamilton also found that older residents tended to be the least 
concerned about drinking water quality. 
Ryan (1998) found that distance was directly related to a concern about water 
quality problems with those in closest proximity expressing the most concern.  Contact 
with water has also been identified as related to perceptions about water quality.  A study 
by Kooyoomjian and Clesceriy (1974) suggests that the opportunity for repeated contact 
with lake water plays a role in satisfaction with water quality.  Those who are around the 
lake more often are more concerned with water quality. 
 This research studied the social context of urban near-stream homeowners using a 
survey in an attempt to characterize perceptions and values related to streams and near-
stream land.  What problems do they associate with streams and near-stream land?  Do 
they acknowledge the causes of problems, or just the results of problems?  What values 
do homeowners place on streams and near-stream land?  
Study Area.  The study site includes the city of Ames in west central Story 
County, Iowa and its urban fringe, a two-mile buffer around the city (Figure 1).  Ames is 
approximately 22 square miles in size with a population of 54,700 (City-Data 2007). 
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Ames is home to Iowa Sate 
University with a student 
population of 26,000 (ISU 2007).  
Ten perennial streams were 
identified within the study area.  
 
Materials and Methods 
A two-phase social 
investigation occurred utilizing a 
combination of qualitative and 
quantitative methods: qualitative, 
semi-structured, focus groups and a quantitative mailed survey.  All work with 
participants was approved by the ISU institutional review board.  
 Focus Groups.  Similar to Dutcher (2000, 2004), focus groups were utilized in 
the first phase to review draft surveys, identify potential comprehension problems, and 
suggest improved multiple choice answers.  Two sets of focus groups were administered 
in March 2008 with five participants in each group.  Both began with introductions, the 
participants reading and acknowledging a Human Subjects form, and a brief description 
of the research project.  Participants were then asked to complete a draft survey intended 
for the second phase.  The survey was then reviewed and discussed by the group on a 
question-by-question basis.  The draft survey was then revised to include results from the 
focus groups.  
Figure 1 
Study Area – Ames Iowa and its urban fringe. 
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Survey.  A survey was administered in the second phase to 934 homeowners 
within the city and urban fringe limits of Ames in April 2008.  Each household was 
notified by mail and invited to participate.  Thank you/reminder cards were mailed to the 
remaining non-respondents ten days after receiving the survey mailing.  A final contact 
was made with all non-respondents two weeks later by sending replacement surveys.  
Sixty-nine percent (n=624) of all usable surveys were returned. 
Survey Question Topics.  The survey included questions pertaining to the 
importance of streams, problems and concerns with local streams, and demographics. 
Respondents were asked to indicate the level of importance to them of six stream 
functions using a three-point Likert scale (Trochim 2006).  Stream functions included: 
drainage, water recreation, recreation on near-stream land, visual enjoyment, wildlife 
habitat, and emotional importance.  Potential problems in and near the stream by their 
home were assessed through multiple-choice question.  Options for potential problems in 
stream water included: too much algae or moss in the water, water is too murky or 
muddy, human waste contamination, animal waste contamination from agricultural 
operations, fertilizers or pesticide residue in the stream, groundwater carrying pollutants 
entering stream, water level is low or too inconsistent, and too few fish or aquatic insects 
in stream.  Potential problems on land near the stream included: too much water enters 
stream from the storm drain system, too much soil washes into the stream from the land, 
stream banks eroding or caving in, no (or few) trees next to the stream, too many trees 
next to the stream, too much wildlife use, and too little wildlife use as options.  Options 
for potential problems with the stream itself included: flooding, junk or garbage dumped, 
fallen trees in stream, stream channel movement with high water, barriers to high water 
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flow such as log jams.   
Demographic information was collected from direct questioning and public data 
sources.  Direct questions included gender and age.  Public data were utilized to identify 
and select the survey sample and included parcel location, size, and assessed value. 
Utilizing Dillman’s suggestions (2000), options for ‘don’t know’ and ‘other 
(please specify)’ were incorporated as much as questions would allow.  Dillman reports 
this minimizes the guesswork for answers and allows for answers/comments not 
otherwise allowed within close ended questions.  
Data analysis.  Data was entered into a digital spreadsheet, formatted, and then 
imported into SPSS for analysis.  Initially response frequencies were tabulated for each 
question and response option.   
In an effort to more clearly characterize results, some question responses were 
stratified and specific options cross tabulated with other question responses.  Questions 
were stratified twice, into two groups both times.  The first group stratified question 
between those relating to water quality problems and water quantity problems.  Questions 
within the quality group included: human waste contamination, animal waste 
contamination from agricultural operations, fertilizers or pesticide residue in stream, 
groundwater carrying pollutants entering creek, too few fish or aquatic insects in stream, 
and junk or garbage dumped.  The grouping of quantity questions included: water is too 
murky or muddy, water level is low or too inconsistent, too much water enters stream 
from the storm drain system, too much soil washes into the stream from the land, stream 
banks eroding or caving in, flooding, fallen trees in streams, and stream channel 
movement with high water.  
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The second group of 
questions was stratified between 
those considered to be causes of 
problems and those considered to 
be results or impacts of causes.  
Questions considered to be 
causes included: human waste 
contamination, animal waste 
contamination, fertilizers or pesticide residue in stream, groundwater carrying pollutants 
entering creek, too much water enters stream from the storm drain system, too much soil 
washes into the stream from the land, and junk or garbage dumped.  Questions considered 
to be results or impacts included: too much algae or moss in water, water is too murky or 
muddy, water level is low or too inconsistent, too few fish or aquatic insects in stream, 
flooding, and stream channel movement with high water.  Response rate differences 
between tier one and two were identified as significant when they varied by at least seven 
percent.  Response means were calculated for potential problems.   
Sample Selection.  The objective of the research was to survey all homeowners 
living adjacent and in close proximity to urban stream segments in the study area.  A 
geographic information system (GIS) database was used to identify potential participants. 
Homeowners included in the survey sample included all those meeting selection criteria 
relating to size of their parcel and close proximity to a perennial stream. The sample 
included only owner-occupied residential properties within city and urban fringe limits 
identified from city property inspection reports. Two sub-samples were developed related 
Figure 2 
Parcel selection example. 
 
 
 42 
to stream–property juxtaposition (Figure 2).  The first, known as tier one, included 
residential properties including or abutting a stream or properties immediately adjacent to 
public land including a stream.  Tier two included residential properties immediately 
behind tier one.  Residential properties were eliminated from the sample if lot size 
exceeded five acres.  Respondents were nearly equal between tiers with tier one 
comprising 49% (n=305) of the responses and 51% (n=319) from tier two. 
 
Results and Discussion 
Stream Importance.  Passive uses such as wildlife habitat and visual interest of 
the stream were identified by respondents as more important than active uses such as 
stream and stream side recreation.  Wildlife habitat, visual interest, and emotional 
importance were most frequently identified by respondents as very important while use of 
the stream and near-stream areas were identified most frequently as not important (Table 
1).  The order of importance of these values correlated with those reported by Wagner 
(2008).  A significant difference in response rates for stream values based on proximity to 
the stream was identified for drainage and visual interest (Table 1).  Tier two respondents 
were more likely to identify drainage as “very important” compared with tier one 
respondents.  Visual interest was identified by significantly more tier one respondents as 
“very important” compared with tier two respondents.  These findings differ from Ryan 
(1998) who found that home distances to rivers were not significantly related to visual 
preference for the river.  
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Stream Problems.  
Respondents didn’t always 
associate both the source or 
cause of a problem with the 
resulting impact (Table 2). The 
problem of stream bank 
erosion was the most 
frequently identified problem 
by respondents (57%) although 
the likely cause of bank 
erosion, too much storm water 
entering the stream from the 
storm drain system, was 
identified by only twenty-one 
percent of respondents (Table 
3).  Fertilizer or pesticide 
residue in the stream was also 
identified by a majority of 
respondents (55%) as a 
potential problem, while the most obvious result of this problem, too much algae or moss 
in the water, was identified by only seventeen percent of respondents.  
Table 1   
Importance of stream functions.  Numbers report the 
response frequency, by tier, for each stream function. 
The stream provides wildlife habitat 
 
Tier 1 
(n=290) 
Tier 2 
(n=308) 
Tier 
Difference 
Very Important 65.2% 64.9% 0.2% 
Somewhat Important 29.7% 29.5% 0.1% 
Not Important 5.2% 5.5% 0.3% 
    
I/we enjoy looking at the stream - it is interesting 
 
Tier 1 
(n=287) 
Tier 2 
(n=301) 
Tier 
Difference 
Very Important 61.3% 49.8% 11.5% 
Somewhat Important 33.4% 40.9% 7.4% 
Not Important 5.2% 9.3% 4.1% 
    
I/we use the stream for recreation 
 
Tier 1 
(n=269) 
Tier 2 
(n=285) 
Tier 
Difference 
Very Important 12.3% 10.9% 1.4% 
Somewhat Important 27.9% 33.7% 5.8% 
Not Important 59.9% 55.4% 4.4% 
    
I/we use the land adjacent to the stream for recreation 
 
Tier 1 
(n=275) 
Tier 2 
(n=292) 
Tier 
Difference 
Very Important 28.4% 23.6% 4.7% 
Somewhat Important 35.6% 35.6% 0.0% 
Not Important 36.0% 40.8% 4.8% 
    
There is a sense of connection  
between the stream and people 
 
Tier 1 
(n=277) 
Tier 2 
(n=297) 
Tier 
Difference 
Very Important 37.9% 34.0% 3.9% 
Somewhat Important 43.0% 44.8% 1.8% 
Not Important 19.1% 21.2% 2.1% 
    
The stream drains water off of the land 
 
Tier 1 
(n=272) 
Tier 2 
(n=289) 
Tier 
Difference 
Very Important 32.0% 38.4% 6.4% 
Somewhat Important 49.6% 47.1% 2.6% 
Not Important 18.4% 14.5% 3.9% 
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 Fertilizer was also the most frequently 
identified source of nutrient pollution in the 
stream (Table 3). Other potential sources were 
identified less frequently and included 
groundwater (35%), animal waste 
contamination (33%), and septic 
contamination (23%).  These results support Wright et al. (2007) findings that 
respondents believed fertilizers affect water quality in their areas more than animal waste 
and septic contamination.   
Problems and Age/Gender.  Age and gender was found to relate to perceived 
Table 2 
Problem groupings.  Numbers represent 
the average number of problems identified 
in each sub grouping divided by the total 
number of problems available in the 
respective grouping. 
 
Total 
(n=624) 
Tier 1 
(n=305) 
Tier 2 
(n=319) 
Total 28.06% 28.5% 27.7% 
Quality 32.67% 30.4% 34.8% 
Quantity 32.93% 35.9% 30.1% 
Cause 30.11% 29.3% 30.9% 
Results 36.27% 37.7% 34.9% 
 
Table 3 
Frequency of Problems Identified.  Numbers report the average number of respondents that 
identified a particular problem. 
Potential problems in stream water: 
All 
(n=587) 
Tier 1 
(n=289) 
Tier 2 
(n=298) 
Tier 
Difference 
Too much algae or moss in water 17.4% 14.9% 19.8% 4.9% 
Water is too murky, muddy 34.6% 30.4% 38.6% 8.1% 
Human waste contamination 22.7% 20.8% 24.5% 3.7% 
Animal waste contamination from AG operations 32.7% 30.1% 35.2% 5.1% 
Fertilizer or pesticide residue in stream 55.2% 50.2% 60.1% 9.9% 
Groundwater carrying pollutants entering creek 34.8% 32.5% 36.9% 4.4% 
Water level is low or too inconsistent 41.2% 44.3% 38.3% 6.0% 
Too few fish or aquatic insects in stream 32.4% 31.5% 33.2% 1.7% 
Potential problems on land near the stream: 
Total 
(n=593) 
Tier 1 
(n=294) 
Tier 2 
(n=299) 
Tier 
Difference 
Too much water enters stream from the storm drain  21.4% 22.4% 20.4% 2.0% 
Too much soil washes into the stream from the land 39.3% 38.1% 40.5% 2.4% 
Stream banks eroding, caving in 56.5% 61.6% 51.5% 10.1% 
No (or few) trees next to the stream 13.2% 13.3% 13.0% 0.2% 
Too many trees next to the stream 8.1% 10.2% 6.0% 4.2% 
Too much wildlife use 4.0% 5.1% 3.0% 2.1% 
Too little wildlife use 15.3% 12.2% 18.4% 6.1% 
Potential problems with the stream itself: 
Total 
(n=596) 
Tier 1 
(n=296) 
Tier 2 
(n=300) 
Tier 
Difference 
Flooding 33.9% 34.1% 33.7% 0.5% 
Junk, garbage dumped 45.1% 44.9% 45.3% 0.4% 
Fallen trees in streams 46.0% 50.3% 41.7% 8.7% 
Stream channel movement with high water 17.1% 20.6% 13.7% 6.9% 
Barriers to high water flow such as log jams 21.6% 26.4% 17.0% 9.4% 
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problems (Table 4).  Generally, younger respondents identified a higher number of 
problems overall as well as a higher number of problems related to water quality.  
Respondents between the ages of 30 and 39 identified the highest number of potential 
problems (32%) of any age group as well as the highest number of problems related to 
water quality (40%).  Gender did not account for a significant difference in the number of 
overall problems identified; however, women respondents were more likely to identify 
water quality-related problems as compared with men respondents (35%, 31% 
respectively).   
Problems and Home Value.  Results generally differ from Hamilton (1985) 
relating to income levels and water quality problems (Table 5).  Hamilton identified 
lower levels of concern about water quality among lower income respondents.  On the 
contrary, respondents in this research with home values assessed at less than $100,000 
identified more overall stream problems, particularly water quantity problems.  This 
Table 5  
Problem groupings vs. assessed property value.  Numbers represent the average number of 
problems identified in each sub grouping divided by the total number of problems available in the 
respective grouping. 
 
less than 
$100,000 
$100,000 - 
$199,999 
$200,000 - 
$299,000 
$300,000 - 
$399,999 
greater than 
$400,000 
Total 31.7% 29.3% 27.4% 25.9% 26.7% 
Quality 31.4% 34.8% 31.7% 29.6% 30.4% 
Quantity 44.2% 33.4% 31.2% 33.3% 35.4% 
Cause 36.2% 30.9% 28.9% 28.8% 30.8% 
Results 41.1% 36.9% 35.2% 36.3% 37.3% 
 
Table 4 
Problem groupings vs. gender and age.  Numbers represent the average number of problems 
identified in each sub grouping divided by the total number of problems available in the respective 
grouping. 
 Male Female  < 30 30-39 40-49 50-59 60-69 70-79 > 79 
Total 27.5% 29.2%  30.6% 32.0% 30.3% 30.1% 25.9% 25.3% 16.0% 
Quality 31.2% 35.2%  34.9% 39.5% 34.6% 37.8% 28.9% 26.7% 13.0% 
Quantity 32.5% 33.9%  31.9% 34.8% 35.2% 33.4% 32.6% 31.9% 23.2% 
Cause 29.7% 31.3%  24.6% 35.3% 31.3% 33.9% 28.9% 25.0% 15.1% 
Results 35.2% 38.1%  39.8% 36.3% 37.7% 38.0% 35.2% 36.2% 24.0% 
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relationship was true for every stratified sub-grouping with the exception of water 
quality.  Water quality problems were most frequently identified by respondents with 
home values assessed between $100,000 and $199,999, homes falling below the median 
assessed value in the study.  Water quantity problems (water levels either too low or 
flooding) were identified at a significantly higher frequency by respondents owning 
homes valued under $100,000 than other home value classes analyzed.  
 Problems and Proximity.  Generally, the average number of problems identified 
by respondents were similar regardless of the distance at which they live from the stream 
(Table 3).  Three problems were identified by significantly higher numbers of 
respondents living closer to the stream:  unstable stream banks, fallen trees, and log jams 
and other barriers to high water.   
Water quantity problems were more likely to be identified by those living closer 
to the stream while water quality problems were more likely to be identified by those 
living farther from the stream (Table 2).  These results differ from Ryan (1998), who 
found that people living closer to a stream were more likely to be concerned about water 
quality problems compared with those living farther away.  Those living closer to a 
stream also cited a higher number of results/impacts than those living further away from 
the stream. 
Problems and stream importance.  There is a relationship between the way 
respondents value the stream (as functions) and the number of potential problems they 
indicated.  In all stream functions except drainage, the numbers of problems identified 
increased as importance of function increased (Table 6).  Similar to Kooyoomjian and 
Clesceri (1974), respondents in this study identifying water-based recreation and 
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streamside land for recreation as very important stream functions also identified the 
highest number of potential problems. 
Table 6.   
All problems vs. stream importance.  Numbers represent the mean number of all of the problems 
(22 possible) identified by respondents.  (n=624) 
 Wildlife Connection 
Stream 
Recreation 
Stream-land 
Recreation Aesthetics Drainage 
Very Important 6.1 6.3 6.8 6.6 6.0 5.7 
Somewhat 5.1 5.8 6.3 5.7 5.6 6.0 
Not Important 4.8 4.9 5.2 5.3 4.4 5.2 
No Response 2.9 3.9 4.5 4.0 4.0 4.1 
       
Water Quality problems vs. stream importance.  Numbers represent the mean number of water 
quality problems (7 possible) identified by respondents. 
 Wildlife Connection 
Stream 
Recreation 
Stream-land 
Recreation Aesthetics Drainage 
Very Important 2.5 2.6 2.6 2.7 2.4 2.3 
Somewhat 2.0 2.3 2.6 2.3 2.3 2.5 
Not Important 2.1 2.0 2.1 2.2 2.1 2.2 
No Response 1.1 1.4 1.7 1.5 1.6 1.5 
       
Water Quantity problems vs. stream importance.  Numbers represent the mean number of water 
quantity problems (8 possible) identified divided respondents. 
 Wildlife Connection 
Stream 
Recreation 
Stream-land 
Recreation Aesthetics Drainage 
Very Important 2.8 2.8 3.3 3.1 2.8 2.6 
Somewhat  2.6 2.7 2.8 2.7 2.6 2.8 
Not Important 2.3 2.4 2.5 2.5 1.8 2.4 
No Response 1.5 1.9 2.1 1.9 1.8 2.6 
       
Cause problems vs. stream importance.  Numbers represent the mean number of cause/source 
problems (7 possible) identified by respondents. 
 Wildlife Connection 
Stream 
Recreation 
Stream-land 
Recreation Aesthetics Drainage 
Very Important 2.3 2.5 2.8 2.6 2.3 2.1 
Somewhat  1.8 2.1 2.5 2.2 2.0 2.3 
Not Important 1.7 1.7 1.9 2.0 1.8 2.1 
No Response 0.9 1.3 1.6 1.3 1.4 1.4 
       
Result problems vs. stream importance.  Numbers represent the mean number of result problems 
(6 possible) identified by respondents. 
 Wildlife Connection 
Stream 
Recreation 
Stream-land 
Recreation Aesthetics Drainage 
Very Important 2.3 2.3 2.5 2.5 2.3 2.2 
Somewhat  2.1 2.2 2.3 2.1 2.2 2.3 
Not Important 1.9 2.1 2.1 2.1 1.6 1.9 
No Response 1.3 1.6 1.8 1.7 1.7 1.7 
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Summary and Conclusions 
The objective of this research was to understand the social context regarding 
perceptions and values related to streams and stream-land area.  This is necessary to 
facilitate community education for future community based restoration activities.  This 
research identified differences between the way near-stream homeowners value and 
perceive streams and stream-land area based on age, gender, appraised home values, and 
proximity to these areas.   
Results suggest respondents may not understand the cause and effect relationship 
embedded with outcomes or concerns they have about streams, and therefore may be 
unable to understand the impacts of their own land management behavior on stream 
conditions.  An example of this is amount of respondents indicating stream bank erosion 
compared with respondents indicating too much water entering the stream from the storm 
drain system.  
Having concern about stream problems is not the same as agreeing to change 
behavior to mitigate these same stream problems.  However, homeowners may be more 
likely to change behavior, such as managing stormwater on their own property rather than 
allowing it to enter a storm drain system, if they understand their behavior is causing a 
problem they are concerned about, such as stream bank erosion.  Education and 
awareness campaigns focused on stream problems in the community will likely be 
received more favorably by women and younger homeowners, based on respondent data 
in this research.  It may be possible to target messages more directly to these population 
sub-groups in order to reach individuals most likely to share concerns about a problem.     
This research identified stream concerns of importance to respondents as well as 
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sub-groups of the sample population.  This information can be used in a stream or 
watershed enhancement project to efficiently communicate with homeowners and 
educate them on issues they identify as important.  While respondent rates were relatively 
high among the total sample of near-stream homeowners, it is important to remember that 
these individuals represent a only small segment of the entire community.  While social 
data like this may be compared with or translated reasonably well to the remainder of the 
community or other locations, it is very likely that differences may exist between this 
sample and other groups.  As such, individuals and groups working with streams can 
tailor their goals and objectives in order to better resonate with the public thereby 
increasing public support and the overall sustainability of a project.  
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CHAPTER 4:  GENERAL CONCLUSIONS 
 
The purpose of my research was to understand shallow groundwater systems in 
urban settings and to characterize urban near-stream homeowners beliefs associated with 
groundwater and hydrological processes relative to streams and groundwater.  
Understanding homeowner perceptions and values related to streams and near-stream 
land was also a goal of my research in order to tailor community based educational 
programs.   
Results from this research are important in the field of landscape architecture.  
These findings can be used to influence the design of new developments in order to be 
less detrimental to water resources.  Design considerations may include reducing the 
amount of land cover in which homeowners feel compelled to fertilize.  Considerations 
may also include reducing development or disruption causing release of soil carbon on 
near stream land where biological processes may be occurring which reduce nutrient 
loading of streams.   
Social findings from this research can be used in order to design with the concerns 
and values of the public in mind.  Since stream bank erosion was identified as a problem 
most frequently in this research, designers may want to incorporate storm water 
mitigation techniques in their designs to reduce storm flow in streams which caused bank 
erosion.  A majority of respondents in this research identified wildlife habitat and visual 
interest as the most important functions of streams.  Likewise, designers may want to 
focus on creating wildlife habitat and visual interest in their designs.  Results can also be 
used to guide communication and involvement of near stream homeowners. 
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Limitation of Current Research 
 Research results can only be applied to the hydrogeological and geographical 
locations related to this research.  Though similar hydrogeological properties exist 
throughout the ecoregion in which this study was conducted, specific site stratigraphy can 
vary widely across the region, rendering results site specific.  While social data can 
possibly be translated to other communities, the data in this research represent one 
community with unique Midwestern influences, subject to the tremendous presence of a 
higher educational institution.  The time and resources allotted for this geophysical 
investigation limited the scope and abundance of data gathered with only twelve months 
of data.  
 
Recommendations for Future Work 
 Based on results from the current research, there are several needs for future 
research in this area.  Continued shallow groundwater monitoring is needed for at least 
two additional years at the present site in order to obtain a stronger statistical baseline of 
data for comparison.  Limited data sets such as this are also subject to seasonal variations 
and without multiple years worth of data, anomalies cannot be ruled out.  Continued 
monitoring will provide a baseline of data, which can be used not only to assess the 
present condition of the stream and near stream land, but also to compare the 
effectiveness of possible future hydrological and nutrient management mitigation 
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techniques within the watershed.  A transect of wells area is needed in another location to 
act as a control, as a newly planted vegetative filter strip matures on the current well site.  
The quantity of research studies including nutrient pollution in shallow 
groundwater conducted in agricultural areas far exceeds those in urban areas.  Similar 
studies in an urban context dealing with nutrient pollution are needed to compare with 
this research and to characterize the state of groundwater in order to facilitate appropriate 
precautions and actions within urban watersheds.  It is expected that future work will 
include similar assessments in other hydrogeological and geographical locations.  The 
hope is that comparisons can be made in order to delineate locational biases of this 
research. 
Lastly, results of the groundwater monitoring and the social assessment should be 
effectively communicated to the public in order to facilitate sustainable community and 
individual land management choices.  Preliminary results of this research were shared 
with the public during a ‘Clean Water Groundwater Festival’ conducted in the fall of 
2008 at the groundwater well site.  Researchers conducting similar studies may be able to 
effectively communicate their results to the public using similar educational programs.  If 
residents understand their behavior is causing a problem they are concerned about, they 
may be more likely to change their behaviors. 
Urbanization leads to a variety of detrimental stream impacts encompassing water 
quantity and quality problems.  These problems can only be solved by those who create 
the problems.  From developers and designers to individual homeowners, we all hold the 
fate of these fragile resources in our hands.  
55
1
2
3
0
.5
'
1
'
1
.5
'
A
 H
o
ri
z
o
n
2
'
B
 H
o
ri
z
o
n
2
.5
'
S
ilt
y
 S
a
n
d
3
'
S
a
n
d
3
.5
'
G
la
c
ia
l 
T
ill
4
'
G
la
c
ia
l 
T
ill
 w
/ 
R
o
c
k
s
4
.5
'
In
d
ic
a
te
s
 g
le
y
e
d
 p
ro
p
e
rt
ie
s
5
'
5
.5
'
6
'
6
.5
'
7
'
7
.5
'
8
'
8
.5
'
9
'
9
.5
'
1
0
'
1
0
.5
'
1
1
'
1
1
.5
'
1
2
'
So
il 
C
or
e 
St
ra
tig
ra
ph
y
Appendix A
E1
-A
E1
-B
E1
-C
E2
-A
E2
-B
E2
-C
E4
-A
E4
-B
E4
-C
E3
-A
E3
-B
E3
-C
C
ol
le
ge
 C
re
ek
So
il 
C
o
re
 1
So
il 
C
o
re
 3
So
il 
C
o
re
 2
0
25
’
50
’
10
0’
20
0’
N
Si
n
g
le
 F
am
ily
 
R
es
id
en
ti
al
Si
n
g
le
 F
am
ily
 
R
es
id
en
ti
al
H
ar
d 
Su
rf
ac
ed
 T
ra
il
Ve
g
et
at
iv
e 
Bu
ff
er
s
Tha
cke
ray
 Av
e
56
C
o
n
s
tr
u
c
ti
o
n
 d
a
ta
 f
o
r 
w
e
ll
s
 i
n
s
ta
ll
e
d
 i
n
 t
h
is
 s
tu
d
y
W
e
ll
D
e
p
th
 t
o
 t
o
p
 
o
f 
s
c
re
e
n
 (
ft
)
D
e
p
th
 t
o
 b
o
tt
o
m
 
o
f 
s
c
re
e
n
 (
ft
)
T
o
p
 o
f 
c
a
s
in
g
  
 (
ft
 
a
b
o
v
e
 m
.s
.l
.)
E
1
-A
3
.4
0
6
.4
0
1
0
0
0
.4
4
E
1
-B
4
.8
5
7
.8
5
1
0
0
2
.9
5
E
1
-C
6
.0
6
9
.0
6
1
0
0
4
.9
1
E
2
-A
4
.0
7
7
.0
7
1
0
0
2
.2
1
E
2
-B
4
.8
5
7
.8
5
1
0
0
3
.1
0
E
2
-C
9
.7
4
1
2
.7
4
1
0
0
8
.9
4
E
3
-A
3
.7
3
6
.7
3
1
0
0
1
.5
4
E
3
-B
4
.8
5
7
.8
5
1
0
0
4
.0
3
E
3
-C
4
.8
5
7
.8
5
1
0
0
4
.4
8
E
4
-A
3
.9
5
6
.9
5
1
0
0
5
.3
8
E
4
-B
4
.6
0
7
.6
0
1
0
0
7
.1
8
E
4
-C
4
.8
6
7
.8
6
1
0
0
7
.3
1
C
on
st
ru
ct
io
n 
D
at
a
57
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/ 
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k*
1.
5’
2.
5’
5.
5’
1.
25
”
3”
E1
-A
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k*
3’ 4’ 7’
1.
25
”
3”
E1
-B
*N
o
te
:  
So
m
e 
co
lla
p
se
 m
ay
 h
av
e 
o
cc
u
rr
ed
W
el
l C
on
st
ru
ct
io
n
58
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/ 
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k*
4.
3’
5.
3’
8.
3’
1.
25
”
3”
E1
-C
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k*
2.
3’
3.
3’
6.
3’
1.
25
”
3”
E2
-A
*N
o
te
:  
So
m
e 
co
lla
p
se
 m
ay
 h
av
e 
o
cc
u
rr
ed
W
el
l C
on
st
ru
ct
io
n
59
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k*
8’ 9’ 12
’
1.
25
”
3”
E2
-C
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k*
3’ 4’ 7’
1.
25
”
3”
E2
-B
*N
o
te
:  
So
m
e 
co
lla
p
se
 m
ay
 h
av
e 
o
cc
u
rr
ed
W
el
l C
on
st
ru
ct
io
n
60
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/ 
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k
1.
9’
2.
9’
5.
9’
1.
25
”
3”
E3
-A
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.2
0”
 o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k
3’ 4’ 7’
1.
25
”
3”
E3
-B
N
at
iv
e 
M
at
er
ia
l C
o
lla
p
se
3.
9’
N
at
iv
e 
M
at
er
ia
l C
o
lla
p
se
6’
W
el
l C
on
st
ru
ct
io
n
61
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k
3’ 4’ 7’
1.
25
”
3”
E3
-C
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k
2.
1’
3.
1’
6.
1’
1.
25
”
3”
E4
-A
N
at
iv
e 
M
at
er
ia
l C
o
lla
p
se
4.
6’
N
at
iv
e 
M
at
er
ia
l C
o
lla
p
se
6’
W
el
l C
on
st
ru
ct
io
n
62
W
el
l C
on
st
ru
ct
io
n
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/ 
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k
3’ 4’ 7’
1.
25
”
3”
E4
-B
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
.0
20
” o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k
3’ 4’ 7’
1.
25
”
3”
E4
-C
N
at
iv
e 
M
at
er
ia
l C
o
lla
p
se
N
at
iv
e 
M
at
er
ia
l C
o
lla
p
se
5.
5’
5’
63
St
ee
l P
ro
te
ct
iv
e 
C
as
in
g
 w
/.
H
in
g
ed
 C
ap
C
as
in
g
 P
ad
lo
ck
N
at
u
ra
l G
ra
d
e
B
en
to
n
it
e
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) P
V
C
 C
as
in
g
 
(S
ch
ed
u
le
 4
0,
 fl
u
sh
-t
h
re
ad
ed
)
1.
25
” (
in
si
d
e 
d
ia
m
et
er
) W
el
l S
cr
ee
n
 
w
it
h
 0
._
__
 in
 o
p
en
 s
lo
t
Sa
n
d
 F
ilt
er
 P
ac
k
3’ 4’ 7’
1.
25
”
3”
E1
-B
si
lt
, t
o
p
so
il
sa
n
d
 w
/ 
si
lt
y 
cl
ay
si
lt
, b
la
ck
 
to
p
so
il
si
lt
y 
cl
ay
, 
d
ar
k 
b
ro
w
n
sa
n
d
 w
/ 
so
m
e 
si
lt
y 
cl
ay
, g
ra
y
si
lt
, t
o
p
so
il
si
lt
y 
cl
ay
 
w
/ 
sa
n
d
si
lt
y 
cl
ay
ey
 
sa
n
d
 (t
ill
) 
g
le
yi
n
g
 &
 
so
m
e 
re
d
ox
E4
-A
E4
-B
E4
-C
N
ot
e:
 R
ec
or
ds
 n
ot
 a
va
ila
bl
e 
fo
r T
ra
ns
ec
ts
 E
1,
 E
2,
 a
nd
 E
3.
St
ra
tig
ra
ph
y 
- T
ra
ns
ec
t E
4
64
H
y
d
ra
u
li
c
 H
e
a
d
 (
fe
e
t 
a
b
o
v
e
 s
e
a
 l
e
v
e
l)
W
e
ll
E
1
-A
E
1
-B
E
1
-C
E
2
-A
E
2
-B
E
2
-C
E
3
-A
E
3
-B
E
3
-C
E
4
-A
E
4
-B
E
4
-C
S
tr
e
a
m
A
v
e
ra
g
e
S
td
. 
D
e
v
.
1
1
/2
9
/0
7
9
9
6
.2
3
9
9
6
.3
5
9
9
6
.5
4
9
9
5
.3
5
9
9
7
.0
5
1
0
0
2
.2
9
9
9
5
.6
4
9
9
7
.7
8
9
9
8
.3
7
9
9
9
.9
7
1
0
0
0
.0
4
1
0
0
0
.3
7
-
9
9
8
.0
0
2
.2
1
0
1
/0
3
/0
8
9
9
6
.2
2
9
9
6
.3
6
9
9
6
.5
1
9
9
5
.4
2
9
9
7
.0
5
1
0
0
2
.3
8
9
9
5
.7
0
9
9
6
.2
4
9
9
6
.7
8
9
9
8
.4
9
1
0
0
0
.1
6
-
-
9
9
7
.3
9
2
.1
3
0
2
/0
6
/0
8
9
9
6
.0
7
9
9
6
.1
9
9
9
6
.3
5
9
9
6
.9
1
9
9
6
.9
1
1
0
0
2
.3
8
9
9
7
.2
3
9
9
7
.6
8
9
9
8
.2
8
9
9
9
.8
9
1
0
0
0
.1
1
-
-
9
9
8
.0
0
2
.0
0
0
3
/0
1
/0
8
9
9
6
.3
8
9
9
6
.4
2
9
9
6
.5
4
9
9
7
.0
9
9
9
7
.0
7
-
9
9
7
.4
4
9
9
7
.8
1
9
9
8
.3
7
1
0
0
0
.0
2
1
0
0
0
.2
0
1
0
0
0
.2
8
-
9
9
7
.9
7
1
.5
3
0
3
/2
9
/0
8
9
9
9
.1
2
9
9
9
.7
8
1
0
0
0
.5
0
9
9
9
.9
0
1
0
0
1
.9
0
1
0
0
6
.0
9
9
9
9
.8
1
1
0
0
1
.9
5
1
0
0
2
.3
8
1
0
0
2
.5
6
1
0
0
4
.1
8
1
0
0
4
.8
6
-
1
0
0
1
.9
2
2
.2
3
0
4
/2
6
/0
8
9
9
7
.5
5
9
9
7
.9
5
9
9
8
.6
3
9
9
9
.1
6
1
0
0
1
.0
6
1
0
0
6
.2
5
9
9
8
.5
7
1
0
0
0
.6
9
1
0
0
1
.2
4
1
0
0
1
.4
3
1
0
0
3
.7
2
1
0
0
5
.2
8
-
1
0
0
0
.9
6
2
.8
6
0
5
/2
8
/0
8
9
9
6
.4
9
9
9
6
.6
6
9
9
6
.9
5
9
9
7
.4
7
9
9
7
.8
4
1
0
0
3
.1
6
9
9
7
.4
3
9
9
8
.4
2
9
9
9
.5
0
1
0
0
0
.2
3
1
0
0
1
.0
4
1
0
0
1
.7
5
-
9
9
8
.9
1
2
.2
0
0
6
/2
3
/0
8
9
9
6
.2
9
9
9
6
.4
6
9
9
6
.7
8
9
9
7
.1
7
9
9
7
.5
3
1
0
0
2
.3
4
9
9
7
.2
4
9
9
8
.3
6
9
9
9
.5
9
1
0
0
0
.1
7
1
0
0
1
.0
4
1
0
0
1
.8
5
-
9
9
8
.7
4
2
.1
8
0
7
/1
9
/0
8
9
9
6
.4
4
9
9
6
.6
3
9
9
6
.9
6
9
9
7
.2
8
9
9
7
.5
1
1
0
0
2
.6
4
9
9
7
.3
1
9
9
8
.3
8
9
9
8
.9
4
1
0
0
0
.2
0
1
0
0
0
.7
6
1
0
0
1
.0
1
-
9
9
8
.6
7
2
.0
3
0
8
/1
6
/0
8
9
9
6
.1
2
9
9
6
.2
1
9
9
6
.4
6
9
9
6
.7
7
9
9
6
.9
5
1
0
0
2
.5
2
9
9
7
.0
0
9
9
7
.8
5
9
9
8
.6
4
9
9
9
.7
6
1
0
0
0
.2
4
1
0
0
0
.6
4
-
9
9
8
.2
6
2
.0
9
0
9
/1
4
/0
8
9
9
5
.6
4
9
9
6
.4
1
9
9
6
.6
8
9
9
6
.9
8
9
9
7
.1
4
1
0
0
2
.7
5
9
9
6
.1
2
9
9
7
.9
8
9
9
8
.5
1
9
9
9
.9
6
1
0
0
0
.2
1
1
0
0
0
.4
3
9
9
6
.6
8
9
9
8
.2
3
2
.1
7
1
0
/1
2
/0
8
9
9
6
.3
4
9
9
6
.5
3
9
9
6
.8
2
9
9
7
.1
9
9
9
7
.3
7
1
0
0
2
.5
4
9
9
7
.2
3
9
9
8
.0
6
9
9
8
.6
4
1
0
0
0
.0
8
1
0
0
0
.4
5
1
0
0
0
.8
2
9
9
6
.8
4
9
9
8
.5
1
2
.0
0
A
v
e
ra
g
e
9
9
6
.5
7
9
9
6
.8
3
9
9
7
.1
4
9
9
7
.2
2
9
9
7
.9
5
1
0
0
3
.2
1
9
9
7
.2
3
9
9
8
.4
3
9
9
9
.1
0
1
0
0
0
.2
3
1
0
0
1
.0
1
1
0
0
1
.7
3
9
9
6
.7
6
S
td
. 
D
e
v
.
0
.9
1
1
.0
4
1
.2
1
1
.2
8
1
.6
8
1
.4
8
1
.1
6
1
.4
9
1
.4
7
0
.9
7
1
.4
2
1
.8
4
0
.1
1
N
o
te
: 
S
ta
ti
s
ti
c
a
l 
c
a
lc
u
la
ti
o
n
s
 e
x
c
lu
d
e
 s
tr
e
a
m
 e
le
v
a
ti
o
n
s
N
o
te
: 
D
a
s
h
e
s
 i
n
d
ic
a
te
 m
e
a
s
u
re
m
e
n
ts
 n
o
t 
ta
k
e
n
N
o
te
: 
H
y
d
ra
u
lic
 h
e
a
d
 m
e
a
s
u
re
m
e
n
ts
 o
n
 a
n
 b
e
fo
re
 0
2
/0
6
/0
8
 w
e
re
 m
e
a
s
u
re
d
 t
w
o
 d
a
y
s
 a
ft
e
r 
p
u
rg
in
g
 t
h
e
 w
e
lls
, 
w
h
e
n
 s
a
m
p
lin
g
. 
 A
ll 
o
th
e
r 
h
e
a
d
s
 w
e
re
 m
e
a
s
u
re
d
 b
e
fo
re
 p
u
rg
in
g
 t
h
e
 w
e
lls
.
H
yd
ra
ul
ic
 H
ea
d
65
10
01
10
02
10
03 10
04
10
05
10
00
10
03
10
04
10
02
N
o
te
s: 
- C
o
n
to
u
rs
 a
re
 e
st
im
at
ed
 u
si
n
g
 h
yd
ra
u
lic
 h
ea
d
 
fr
o
m
 t
w
el
ve
 w
at
er
 t
ab
le
 w
el
ls
- S
tr
ea
m
 le
ve
l e
st
im
at
ed
 a
t 
2’
 a
b
ov
e 
st
re
am
 b
ed
E1
-A
E1
-B
E1
-C
E2
-A
E2
-B
E2
-C
E4
-A
E4
-B
E4
-C
E3
-A
E3
-B
E3
-C
0
25
’
50
’
10
0’
20
0’
N
C
it
y 
O
w
ne
d
O
p
en
 S
p
ac
e
Tha
cke
ray
 Av
e
Co
lle
ge
 Cree
k
Si
n
g
le
 F
am
ily
 
R
es
id
en
ti
al
Si
n
g
le
 F
am
ily
 
R
es
id
en
ti
al
H
ar
d 
Su
rf
ac
ed
 T
ra
il
Ve
g
et
at
iv
e 
Bu
ff
er
s
W
at
er
 T
ab
le
 - 
H
ig
he
st
 R
ec
or
de
d 
(3
/1
6/
08
)
66
10
00
999
99
8
99
7
99
9
10
00
10
01
N
o
te
s: 
- C
o
n
to
u
rs
 a
re
 e
st
im
at
ed
 u
si
n
g
 h
yd
ra
u
lic
 h
ea
d
 
fr
o
m
 t
w
el
ve
 w
at
er
 t
ab
le
 w
el
ls
- S
tr
ea
m
 le
ve
l e
st
im
at
ed
 a
t 
1’
 a
b
ov
e 
st
re
am
 b
ed
E1
-A
E1
-B
E1
-C
E2
-A
E2
-B
E2
-C
E4
-A
E4
-B
E4
-C
E3
-A
E3
-B
E3
-C
0
25
’
50
’
10
0’
20
0’
N
C
it
y 
O
w
ne
d
O
p
en
 S
p
ac
e
Tha
cke
ray
 Av
e
Co
lle
ge
 Cree
k
Si
n
g
le
 F
am
ily
 
R
es
id
en
ti
al
Si
n
g
le
 F
am
ily
 
R
es
id
en
ti
al
H
ar
d 
Su
rf
ac
ed
 T
ra
il
Ve
g
et
at
iv
e 
Bu
ff
er
s
W
at
er
 T
ab
le
 - 
L
ow
es
t R
ec
or
de
d 
(8
/1
6/
08
)
67
M
ar
ch
 2
9t
h
 
W
at
er
 T
ab
le
A
u
g
 1
6t
h
 
W
at
er
 T
ab
le
10
00
’ 
99
0’
  a
b
ov
e 
se
a 
le
ve
l
10
10
’ a
b
ov
e 
se
a 
le
ve
l 
0’
20
’
10
’
10
05
’ 
99
5’
 
Bu
ffe
r 
St
rip
 
Pl
an
tin
gs
Bu
ffe
r 
St
rip
 
Pl
an
tin
gs
Co
lle
ge
 C
re
ek
E1
-A
E1
-B
E1
-C
H
ig
h
es
t
Lo
w
es
t
Tr
an
se
ct
 E
1
68
M
ar
ch
 2
9t
h
 
W
at
er
 T
ab
le
A
u
g
 1
6t
h
 
W
at
er
 T
ab
le
10
00
’ 
99
0’
  a
b
ov
e 
se
a 
le
ve
l
10
10
’ a
b
ov
e 
se
a 
le
ve
l 
0’
20
’
10
’
10
05
’ 
99
5’
 
Bu
ffe
r 
St
rip
 
Pl
an
tin
gs
Bu
ffe
r 
St
rip
 
Pl
an
tin
gs
Co
lle
ge
 C
re
ek
E2
-A
E2
-B
E2
-C
H
ig
h
es
t
Lo
w
es
t
Tr
an
se
ct
 E
2
69
M
ar
ch
 2
9t
h
 
W
at
er
 T
ab
le
A
u
g
 1
6t
h
 
W
at
er
 T
ab
le
10
00
’ 
99
0’
  a
b
ov
e 
se
a 
le
ve
l
10
10
’ a
b
ov
e 
se
a 
le
ve
l 
0’
20
’
10
’
10
05
’ 
99
5’
 
Bu
ffe
r 
St
rip
 
Pl
an
tin
gs
Bu
ffe
r 
St
rip
 
Pl
an
tin
gs
Co
lle
ge
 C
re
ek
E3
-A
E3
-B
E3
-C
H
ig
h
es
t
Lo
w
es
t
Tr
an
se
ct
 E
3
70
M
ar
ch
 2
9t
h
 
W
at
er
 T
ab
le
A
u
g
 1
6t
h
 
W
at
er
 T
ab
le
10
00
’ 
99
0’
  a
b
ov
e 
se
a 
le
ve
l
10
10
’ a
b
ov
e 
se
a 
le
ve
l 
0’
20
’
10
’
10
05
’ 
99
5’
 
Bu
ffe
r 
St
rip
 
Pl
an
tin
gs
Co
lle
ge
 C
re
ek
E4
-A
E4
-B
E4
-C
H
ig
h
es
t
Lo
w
es
t
Tr
an
se
ct
 E
4
71
T
o
ta
l 
D
is
s
o
lv
e
d
 P
h
o
s
p
h
o
ru
s
 (
u
g
/L
)
W
e
ll
E
1
-A
E
1
-B
E
1
-C
E
2
-A
E
2
-B
E
2
-C
E
3
-A
E
3
-B
E
3
-C
E
4
-A
E
4
-B
E
4
-C
S
tr
e
a
m
A
v
e
ra
g
e
S
td
. 
D
e
v
.
1
1
/2
9
/0
7
7
.7
9
1
5
.7
1
2
4
.3
0
2
4
.5
4
9
.8
3
n
o
 d
a
ta
2
4
.5
4
2
4
.5
4
1
8
.4
6
7
.7
9
3
3
.1
7
9
.7
0
3
6
.5
5
1
8
.2
1
8
.6
4
0
1
/0
3
/0
8
6
.2
7
1
3
.6
8
1
3
.6
2
2
4
.1
6
8
.1
3
1
7
.1
3
2
4
.1
6
2
4
.1
6
2
9
.8
7
6
.2
7
4
5
.0
1
8
.5
5
2
6
.5
8
1
8
.4
2
1
1
.6
1
0
2
/0
6
/0
8
7
.4
7
1
4
.8
6
9
.8
9
1
9
.0
9
5
.1
4
1
0
.8
7
2
2
.4
2
8
.3
8
2
7
.5
3
8
.1
3
2
4
.4
4
3
.9
4
3
8
.6
0
1
3
.5
1
7
.9
9
0
3
/0
5
/0
8
5
.5
5
7
.8
9
7
.2
3
8
.3
5
2
.6
9
8
.5
7
5
.5
5
5
.5
4
2
1
.7
0
8
.6
2
5
3
0
.5
6
0
.8
9
2
3
2
.2
1
5
1
.0
9
1
5
1
.0
8
0
4
/0
2
/0
8
5
.8
0
5
7
.6
9
9
.0
0
6
.8
2
5
.7
7
9
.2
6
3
7
.7
0
8
.7
4
3
3
.1
1
1
3
.6
2
3
4
.5
6
5
.2
1
1
4
2
.5
3
1
8
.9
4
1
7
.3
3
0
4
/3
0
/0
8
5
.9
7
7
3
.2
4
6
.8
4
6
.1
6
9
.6
6
8
.9
4
2
3
.6
3
4
4
.0
0
1
6
.3
6
1
3
.4
8
2
1
.7
7
4
.8
3
5
6
.5
3
1
9
.5
7
2
0
.2
3
0
5
/2
8
/0
8
8
.9
1
4
8
.1
4
9
.6
5
1
1
.1
6
1
3
.5
7
1
1
.5
5
3
8
.3
2
4
3
.1
3
1
9
.9
9
1
7
.3
3
2
1
.8
4
7
.0
2
5
3
.6
4
2
0
.8
8
1
4
.3
1
0
6
/2
5
/0
8
7
.9
9
1
3
6
.8
6
8
.2
6
9
.1
1
1
1
.5
6
1
2
.3
0
3
7
.0
1
1
6
4
.5
9
1
9
.4
7
1
7
.8
8
2
2
.4
1
7
.2
6
6
4
.3
1
3
7
.8
9
5
3
.6
9
0
7
/2
1
/0
8
4
.6
3
6
3
1
.1
0
8
.6
5
5
.9
8
1
5
.3
2
1
0
.6
4
1
6
.7
2
4
5
9
.5
8
5
0
.3
5
2
0
.2
3
2
7
.1
6
6
.9
6
1
6
1
.7
9
1
0
4
.7
8
2
0
9
.3
8
0
8
/1
8
/0
8
1
1
.3
7
6
5
.0
6
1
1
.6
8
1
8
.6
2
1
7
.1
0
1
7
.0
9
2
9
.0
7
1
8
2
.4
7
3
2
.5
0
2
0
.7
8
4
2
.0
7
1
9
.7
5
9
9
.2
2
3
8
.9
6
4
7
.6
7
0
9
/1
6
/0
8
9
.4
7
4
3
.4
6
1
2
.1
4
1
2
.0
8
9
.7
4
1
3
.6
7
3
3
.3
2
1
3
6
.3
9
1
8
7
.8
2
1
6
.8
7
4
5
.5
3
4
.9
7
7
3
.8
1
4
3
.7
9
5
7
.9
3
1
0
/1
4
/0
8
9
.6
2
2
8
.1
8
1
0
.7
0
9
.7
5
1
0
.9
9
1
3
.2
9
2
3
.5
6
1
9
8
.9
3
3
2
.0
6
1
3
.3
1
3
9
.7
5
6
.0
3
5
2
.2
4
3
3
.0
1
5
3
.3
1
A
v
e
ra
g
e
7
.5
7
9
4
.6
6
1
1
.0
0
1
2
.9
8
9
.9
6
1
2
.1
2
2
6
.3
3
1
0
8
.3
7
4
0
.7
7
1
3
.6
9
7
4
.0
2
7
.0
9
8
6
.5
0
3
9
.0
2
S
td
. 
D
e
v
.
2
.0
1
1
7
2
.7
2
4
.6
4
6
.8
2
4
.1
9
2
.9
8
9
.5
6
1
3
2
.8
0
4
7
.2
5
5
.0
5
1
4
4
.0
5
4
.5
9
6
2
.0
8
N
o
te
: 
N
o
v
 2
0
0
7
 a
n
d
 J
a
n
 2
0
0
8
 c
o
n
c
e
n
tr
a
ti
o
n
s
 w
e
re
 e
s
ti
m
a
te
d
 f
ro
m
 S
R
P
 c
o
n
c
e
n
tr
a
ti
o
n
s
 u
s
in
g
 r
e
g
re
s
s
io
n
 a
n
a
ly
s
is
.
N
o
te
: 
S
ta
ti
s
ti
c
a
l 
c
a
lc
u
la
ti
o
n
s
 e
x
c
lu
d
e
 s
tr
e
a
m
 c
o
n
c
e
n
tr
a
ti
o
n
s
To
ta
l D
is
so
lv
ed
 P
ho
sp
ho
ru
s
72
To
ta
l D
is
so
lv
ed
 P
ho
sp
ho
ru
s -
 B
ox
 P
lo
t
N
ot
e:
 C
irc
le
s r
ep
re
se
nt
 m
ea
n 
co
nc
en
tra
tio
ns
73
To
ta
l P
ho
sp
ho
ru
s &
 S
ol
ua
bl
e 
R
ea
ct
iv
e 
Ph
os
ph
or
us
T
o
ta
l 
P
h
o
s
p
h
o
ru
s
 (
u
g
/L
)
W
e
ll
E
1
-A
E
1
-B
E
1
-C
E
2
-A
E
2
-B
E
2
-C
E
3
-A
E
3
-B
E
3
-C
E
4
-A
E
4
-B
E
4
-C
A
v
e
ra
g
e
S
td
. 
D
e
v
.
1
1
/2
9
/0
7
1
6
5
.7
9
1
6
5
.5
2
5
8
0
.6
4
1
8
5
.4
5
4
.1
8
0
.0
0
1
4
6
.8
4
1
3
9
.0
6
1
2
1
.6
8
1
1
1
.3
1
2
3
7
.6
9
1
3
.6
9
1
5
5
.9
9
1
5
3
.5
1
0
1
/0
3
/0
8
1
1
5
.8
1
7
5
.8
5
3
2
8
.3
0
2
2
4
.9
5
2
.5
6
4
6
.8
6
1
6
7
.8
4
1
1
8
.5
8
1
0
6
.1
0
6
8
.2
6
5
6
3
.2
6
4
7
.6
2
1
5
5
.5
0
1
5
5
.8
7
0
2
/0
6
/0
8
4
7
.0
0
5
2
.4
5
9
4
.7
7
7
8
.4
2
2
2
.5
3
1
0
1
.0
4
7
5
.8
4
7
1
.9
6
2
7
.9
4
9
0
.4
0
4
.7
9
6
0
.6
5
3
2
.0
2
0
3
/0
5
/0
8
5
.7
1
7
.9
4
7
.2
6
1
1
.5
7
1
0
.0
5
1
8
.9
4
6
.2
2
2
9
.7
3
9
.7
3
4
3
0
.0
1
6
.1
4
4
9
.3
9
1
2
6
.4
4
0
4
/0
2
/0
8
2
9
.6
4
1
5
5
.6
3
2
0
.6
9
5
5
.0
8
6
.3
9
1
1
.1
1
4
0
.1
6
1
8
.0
6
4
1
.6
2
1
6
9
.7
1
8
0
.1
5
2
1
.5
1
5
4
.1
5
5
4
.6
9
0
4
/3
0
/0
8
3
5
.3
4
1
9
2
.7
0
2
2
.7
2
1
8
.6
3
1
2
.8
8
2
8
.3
7
5
4
.3
6
3
0
.2
6
2
1
.0
5
2
8
.9
3
1
0
.2
3
4
1
.4
1
5
1
.5
9
0
5
/2
8
/0
8
3
6
.7
7
7
9
.2
7
3
5
.1
2
9
0
.6
0
1
3
.6
6
4
4
.6
5
5
8
.1
6
2
0
.4
7
3
8
.0
8
6
1
.8
5
1
2
.2
2
4
4
.6
2
2
5
.6
5
0
6
/2
5
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
7
/2
1
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
8
/1
8
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
9
/1
6
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1
0
/1
4
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
A
v
e
ra
g
e
6
2
.3
0
1
0
4
.1
9
1
5
5
.6
4
9
4
.9
6
4
.3
8
1
6
.7
3
7
8
.2
6
6
7
.1
8
6
0
.2
6
6
3
.7
3
2
1
3
.1
8
1
6
.6
0
S
td
. 
D
e
v
.
5
6
.9
4
6
7
.8
3
2
1
8
.5
4
8
1
.3
9
1
.9
2
1
4
.8
4
6
0
.3
3
4
8
.7
5
4
0
.3
6
5
8
.0
1
2
0
8
.0
8
1
4
.7
4
S
o
lu
a
b
le
 R
e
a
c
ti
v
e
 P
h
o
s
p
h
o
ru
s
 (
u
g
/L
)
W
e
ll
E
1
-A
E
1
-B
E
1
-C
E
2
-A
E
2
-B
E
2
-C
E
3
-A
E
3
-B
E
3
-C
E
4
-A
E
4
-B
E
4
-C
A
v
e
ra
g
e
S
td
. 
D
e
v
.
1
1
/2
9
/0
7
2
.2
4
9
.7
7
1
7
.9
4
1
8
.1
7
4
.1
8
0
.0
0
1
8
.1
7
5
.4
6
1
2
.3
9
2
.2
4
2
6
.3
8
4
.0
6
1
0
.0
8
8
.4
2
0
1
/0
3
/0
8
0
.8
0
7
.8
4
7
.7
9
1
7
.8
1
2
.5
6
1
1
.1
2
1
7
.8
1
7
.4
2
2
3
.2
4
0
.8
0
3
7
.6
3
2
.9
7
1
1
.4
8
1
0
.9
8
0
2
/0
6
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
3
/0
5
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
4
/0
2
/0
8
3
.2
5
4
0
.4
7
6
.9
0
3
.8
1
6
.3
9
9
.8
3
3
.8
1
9
.2
1
2
8
.6
0
3
.2
5
3
3
.6
7
4
.9
5
1
2
.8
4
1
3
.3
3
0
4
/3
0
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
5
/2
8
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
6
/2
5
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
7
/2
1
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
8
/1
8
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
9
/1
6
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1
0
/1
4
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
A
v
e
ra
g
e
2
.1
0
1
9
.3
6
1
0
.8
8
1
3
.2
6
4
.3
8
6
.9
8
1
3
.2
6
7
.3
6
2
1
.4
1
2
.1
0
3
2
.5
6
3
.9
9
S
td
. 
D
e
v
.
1
.2
3
1
8
.3
1
6
.1
3
8
.1
9
1
.9
2
6
.0
8
8
.1
9
1
.8
7
8
.2
6
1
.2
3
5
.7
1
0
.9
9
N
o
te
: 
D
a
s
h
e
s
 i
n
d
ic
a
te
 m
e
a
s
u
re
m
e
n
ts
 n
o
t 
ta
k
e
n
74
N
it
ra
te
-N
 (
m
g
/L
)
W
e
ll
E
1
-A
E
1
-B
E
1
-C
E
2
-A
E
2
-B
E
2
-C
E
3
-A
E
3
-B
E
3
-C
E
4
-A
E
4
-B
E
4
-C
S
tr
e
a
m
A
v
e
ra
v
e
S
td
. 
D
e
v
.
1
1
/2
9
/0
7
0
.0
0
2
.3
6
1
0
.6
2
0
.0
1
0
.2
7
5
.7
7
0
.1
2
0
.8
6
1
.0
8
0
.3
6
0
.0
0
0
.0
7
-
1
.7
9
3
.2
4
0
1
/0
3
/0
8
0
.0
2
2
.6
9
1
0
.1
5
0
.0
4
0
.0
1
6
.2
0
0
.1
6
0
.9
5
1
.4
3
0
.0
0
0
.3
0
0
.0
4
-
1
.8
3
3
.1
8
0
2
/0
6
/0
8
0
.0
7
3
.3
2
8
.4
3
0
.1
4
0
.2
3
6
.3
9
0
.4
0
0
.9
6
1
.4
2
0
.0
0
0
.0
2
0
.0
7
-
1
.7
9
2
.8
2
0
3
/0
5
/0
8
2
7
.8
6
1
6
.6
5
5
5
.4
8
4
5
.1
4
1
6
.0
3
1
0
.4
1
3
8
.0
2
6
8
.7
3
8
1
.2
0
6
4
.8
4
1
1
8
1
.1
3
4
5
.5
8
-
1
3
7
.5
9
3
2
9
.3
9
0
4
/0
2
/0
8
0
.0
0
5
.8
4
8
.0
4
0
.4
5
7
.7
9
7
.6
8
5
.0
1
4
.1
0
1
2
.6
9
4
.0
8
5
.1
2
2
.9
2
8
.3
2
5
.3
1
3
.5
0
0
4
/3
0
/0
8
2
.2
6
4
.9
7
1
7
.0
1
2
.8
0
6
.9
9
6
.0
4
3
.9
2
1
6
.0
3
7
.4
9
2
.5
3
6
.1
2
1
.6
1
8
.6
1
6
.4
8
5
.0
7
0
5
/2
8
/0
8
0
.7
6
2
.6
8
1
7
.2
0
0
.0
9
5
.2
5
5
.4
2
6
.6
3
1
5
.8
9
1
.3
6
1
.6
1
2
.1
3
0
.0
0
8
.9
5
4
.9
2
5
.8
4
0
6
/2
5
/0
8
6
.1
3
1
.2
8
1
6
.8
2
0
.1
4
3
.9
1
5
.1
2
9
.2
3
1
3
.6
4
0
.6
2
0
.9
0
0
.0
7
0
.0
4
9
.4
9
4
.8
3
5
.7
0
0
7
/2
1
/0
8
1
.9
4
1
.1
6
1
9
.2
3
0
.0
8
3
.9
7
5
.0
6
8
.3
9
7
.8
1
2
.8
9
0
.1
8
0
.9
8
0
.1
8
4
.2
0
4
.3
2
5
.5
0
0
8
/1
8
/0
8
2
.1
8
2
.2
6
7
.8
9
0
.0
3
0
.2
2
4
.0
1
4
.8
2
3
.6
5
0
.3
9
1
.4
0
0
.0
6
0
.0
0
5
.2
9
2
.2
4
2
.4
6
0
9
/1
6
/0
8
0
.0
1
5
.3
3
2
0
.6
8
0
.0
9
0
.3
8
4
.5
3
2
.2
2
6
.3
7
0
.6
0
1
.4
1
0
.0
4
0
.0
3
4
.4
8
3
.4
7
5
.8
8
1
0
/1
4
/0
8
0
.0
2
6
.9
9
1
9
.1
5
0
.0
5
0
.9
1
5
.0
8
0
.5
6
6
.1
6
1
.1
6
0
.3
9
0
.0
0
0
.3
6
7
.2
6
3
.4
0
5
.5
9
A
v
e
ra
g
e
1
.2
2
3
.5
3
1
4
.1
1
0
.3
6
2
.7
2
5
.5
7
3
.7
7
6
.9
5
2
.8
3
1
.1
7
1
.3
5
0
.4
8
7
.0
7
S
td
. 
D
e
v
.
1
.8
8
1
.9
4
5
.0
6
0
.8
2
2
.9
6
1
.0
0
3
.3
5
5
.8
0
3
.8
3
1
.2
5
2
.2
2
0
.9
3
2
.1
2
N
o
te
: 
S
ta
ti
s
ti
c
a
l 
c
a
lc
u
la
ti
o
n
s
 e
x
c
lu
d
e
 s
tr
e
a
m
 c
o
n
c
e
n
tr
a
ti
o
n
s
 a
n
d
 M
a
rc
h
 0
8
 c
o
n
c
e
n
tr
a
ti
o
n
s
N
o
te
: 
D
a
s
h
e
s
 i
n
d
ic
a
te
 m
e
a
s
u
re
m
e
n
ts
 n
o
t 
ta
k
e
n
N
o
te
: 
N
e
g
a
ti
v
e
 v
a
lu
e
s
 w
e
re
 c
h
a
n
g
e
d
 t
o
 0
.0
N
itr
at
e-
N
75
N
itr
at
e-
N
 - 
B
ox
 P
lo
t
N
ot
e:
 C
irc
le
s r
ep
re
se
nt
 m
ea
n 
co
nc
en
tra
tio
ns
76
D
is
s
o
lv
e
d
 O
x
y
g
e
n
 (
p
p
m
)
W
e
ll
E
1
-A
E
1
-B
E
1
-C
E
2
-A
E
2
-B
E
2
-C
E
3
-A
E
3
-B
E
3
-C
E
4
-A
E
4
-B
E
4
-C
A
v
e
ra
g
e
S
td
. 
D
e
v
.
1
1
/2
9
/0
7
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
1
/0
3
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
2
/0
6
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
3
/0
5
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
4
/0
2
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
4
/3
0
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
5
/2
8
/0
8
1
.9
3
.3
6
.8
1
.9
2
.7
6
.3
1
.9
1
.9
2
.0
2
.7
2
.7
2
.6
3
.1
1
.7
0
6
/2
5
/0
8
1
.9
1
.9
5
.9
2
.2
1
.9
6
.0
1
.9
1
.9
2
.9
2
.2
2
.0
1
.9
2
.8
1
.5
0
7
/2
1
/0
8
L
o
3
.6
5
.8
L
o
3
.0
7
.1
L
o
4
.5
3
.6
3
.9
5
.0
6
.0
4
.4
1
.7
0
8
/1
8
/0
8
L
o
2
.0
4
.7
L
o
L
o
4
.9
L
o
L
o
2
.8
L
o
5
.3
3
.8
3
.1
1
.7
0
9
/1
6
/0
8
3
.7
5
.6
5
.2
2
.2
L
o
6
.9
2
.7
7
.1
6
.6
2
.4
6
.7
2
.9
4
.6
2
.1
1
0
/1
4
/0
8
L
o
2
.3
4
.4
2
.8
L
o
6
.4
L
o
2
.6
L
o
2
.2
8
.1
5
.2
3
.7
2
.3
A
v
e
ra
g
e
1
.8
3
.1
5
.5
1
.9
1
.8
6
.3
1
.6
3
.2
3
.2
2
.4
5
.0
3
.7
S
td
. 
D
e
v
.
1
.1
1
.4
0
.9
0
.7
0
.9
0
.8
0
.7
2
.3
1
.9
0
.9
2
.3
1
.6
N
o
te
: 
”L
o
” 
p
a
ra
m
e
te
rs
 i
n
d
ic
a
te
 b
e
lo
w
 t
h
e
 d
e
te
c
ti
o
n
 l
im
it
 (
2
.0
).
  
S
ta
ti
s
ti
c
s
 u
s
e
 h
a
lf
 (
1
.0
) 
o
f 
th
e
 d
e
te
c
ta
b
le
 l
im
it
 (
2
.0
).
N
o
te
: 
D
a
s
h
e
s
 i
n
d
ic
a
te
 m
e
a
s
u
re
m
e
n
ts
 n
o
t 
ta
k
e
n
D
is
so
lv
ed
 O
xy
ge
n
77
T
o
ta
l 
O
rg
a
n
ic
 C
a
rb
o
n
 (
m
g
/L
)
W
e
ll
E
1
-A
E
1
-B
E
1
-C
E
2
-A
E
2
-B
E
2
-C
E
3
-A
E
3
-B
E
3
-C
E
4
-A
E
4
-B
E
4
-C
S
tr
e
a
m
A
v
e
ra
g
e
S
td
. 
D
e
v
.
1
1
/2
9
/0
7
4
.0
3
4
.1
6
-
4
.0
2
1
.6
6
1
.7
2
3
.7
4
5
.1
9
3
.9
0
4
.6
0
-
1
.7
0
-
3
.4
7
1
.2
9
0
1
/0
3
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
2
/0
6
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
3
/0
5
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
4
/0
2
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
4
/3
0
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
5
/2
8
/0
8
4
4
.3
2
*
2
5
.9
8
*
8
.1
5
2
.4
3
1
.9
9
0
.8
4
2
.5
7
2
.1
7
1
.8
1
3
.5
5
1
.6
0
1
.1
6
-
2
.6
3
2
.0
8
0
6
/2
5
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
7
/2
1
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0
8
/1
8
/0
8
2
.1
8
3
.0
0
5
.9
6
2
.8
8
1
.9
5
1
.2
2
2
.7
5
4
.9
8
2
.3
7
2
.7
5
1
.2
8
1
.7
4
2
.6
5
2
.7
5
1
.4
1
0
9
/1
6
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1
0
/1
4
/0
8
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
A
v
e
ra
g
e
3
.1
1
3
.5
8
7
.0
6
3
.1
1
1
.8
6
1
.2
6
3
.0
2
4
.1
1
2
.6
9
3
.6
3
1
.4
4
1
.5
4
2
.6
5
S
td
. 
D
e
v
.
1
.3
1
0
.8
2
1
.5
5
0
.8
2
0
.1
8
0
.4
4
0
.6
3
1
.6
9
1
.0
8
0
.9
3
0
.2
3
0
.3
2
-
N
o
te
: 
S
ta
ti
s
ti
c
a
l 
c
a
lc
u
la
ti
o
n
s
 e
x
c
lu
d
e
 s
tr
e
a
m
 c
o
n
c
e
n
tr
a
ti
o
n
s
 
N
o
te
: 
D
a
s
h
e
s
 i
n
d
ic
a
te
 m
e
a
s
u
re
m
e
n
ts
 n
o
t 
ta
k
e
n
* 
N
o
te
: 
v
a
lu
e
s
 e
x
c
lu
d
e
d
 f
ro
m
 s
ta
ti
s
ti
c
a
l 
a
n
a
ly
s
is
 -
 o
u
ts
id
e
 o
f 
n
o
rm
a
l 
ra
n
g
e
To
ta
l O
rg
an
ic
 C
ar
bo
n
78
Appendix B
 
 
 
 
 
 
March 10, 2008 
 
 
Dear ___________ and ____________, 
 
You are being contacted in order to ask for your participation in a research study about streams in 
and near Ames.  As a resident of the Ames area, the information you provide on this subject 
could contribute to a better understanding of how streams in Iowa are managed.  It will also 
contribute to development of outdoor education programs in Ames later this summer.  I thank you 
in advance for your willingness to participate in this brief study.   
 
You are asked to participate because you are a homeowner living near a stream in the Ames 
area.  The study will present you with some questions about the area of your home as well as 
about streams more generally in the area.  You will share information about your yard and 
thoughts about water in and near the stream near you.  Participating in this study should be no 
more stressful than typical daily activities.  Your participation in this study is completely voluntary 
and you may refuse to participate.  If you decide to not participate in the study it will not result in 
any penalty.  
 
Participation is voluntary and will last less than 10 minutes.  You may skip any question that you 
do not wish to answer at any time.  In order to conserve resources, you are invited to participate 
over the internet.  Please respond to this letter by email, with your name and address, to 
awater@iastate.edu  I will then return your email with an Internet link to the study.   I will 
automatically mail you a paper version if I have not heard from you 7 days after this letter arrives.   
 
To ensure confidentiality to the extent permitted by law, the following measures will be taken.  No 
identifying information will be associated with your responses at any time.  All participants and 
responses are completely confidential.  If the results are used in educational programs or 
published, only group, not individual, responses will be reported. 
 
This study has been approved by the ISU Office of Research Assurances.  For further information 
about the study contact my major professor Mimi Wagner, mimiw@iastate.edu, (515) 294-8954.  
If you have any questions about the rights of research subjects or research-related injury, please 
contact Jan Canny, IRB Administrator, (515) 294-4566, IRB@iastate.edu, or Diane Ament, 
Director, Office of Research Assurances (515) 294-3115, dament@iastate.edu.  Thank you again 
for consideration in this study. 
 
 
 
Ryan Chapman,   
(515) 294-9297 
chappy@iastate.edu 
 
 
 
 
 
Participation Invitation
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Survey Cover Letter
 
 
 
 
May 20, 2008 
 
 
Dear Homeowner, 
 
You are being contacted a second time in order to ask for your participation in a research study 
about streams in and near Ames, because your participation is very important to us.  The purpose 
of our research is to learn about residents’ experiences and thoughts concerning streams and 
water in the Ames area.  We will use the results from this research to develop educational 
programs for this summer.  Results will also help communities such as Ames learn how to best 
prioritize the needs and interests of residents.  
 
This questionnaire will take less than 10 minutes to complete.  Please complete and mail within 
10 days--approximately May 31th.  Your participation is voluntary and you may skip any 
questions you are uninterested in answering.  There are no risks anticipated to you for 
participating in this study.  If you decide to not participate in the study it will not result in any 
penalty.  
 
The identity of participants will be kept confidential and will never be released.  Coded identifiers 
will be substituted for names in the data.  A summary of responses will be tabulated and included 
in a final research report following completion of the surveys.  This summary may group 
respondents by stream name, but no records of participating individuals or addresses will be 
linked with these summaries.  
 
For further information about this research, contact Ryan Chapman, chappy@iastate.edu 515-
294-9297.  My major professor is Mimi Wagner, mimiw@iastate.edu, (515)294-8954.  If you have 
any questions about the rights of research subjects or research-related injury, please contact the 
IRB Administrator, (515) 294-4566, IRB@iastate.edu, or Director, (515) 294-3115, Office of 
Research Assurances, 1138 Pearson Hall, Iowa State University, Ames, Iowa 50011. 
 
Thank you again for consideration in this study and for completing and returning the survey within 
10 days! This saves us paper and postage in sending you another survey. 
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Survey Questions
 
1.  Since you’ve owned this home, have you had problems with water in/near the basement 
requiring a plumber or other professional? 
 
2.  Approximately how often have you heard/noticed your sump pump running? 
 
3.  What happens to the majority of grass clippings when your lawn is mowed? 
 
4.  How often was your lawn fertilized last year?—in 2007 
 
5.  Is this your typical application schedule? 
 
6.  If there is an outdoor pet at your home, how is pet waste disposed of? 
 
7.  What happens to the majority of water that falls on your yard after a rainfall? 
 
8.  How often is your lawn watered in the summer? 
 
9.  How deep do you think groundwater is near your home? 
 
10.  When you purchased your home, how important was it to you that it was near the stream? 
 
11.  When looking at the stream and near-stream area from your property, what do you want (or like) 
to see? 
 
12.  If local streams are important to you, why? 
 
13.  Water in streams comes from: 
 
14.  Do fertilizers applied to lawns have the potential to end up in stream water? 
 
15.  In instances where shallow groundwater (groundwater less than 12 feet deep) does exist, do 
fertilizers have the potential to reach this groundwater? 
 
16.  Do fertilizers have the potential to reach deeper groundwater aquifers where our water 
supply comes from? 
 
17.  Please choose the statement below you think most closely describes water in the streams in 
Ames:  
 
18.  Potential problems in stream water? 
 
19.  Potential problems on land near the stream? 
 
20.  Potential problems with the stream itself? 
 
21.  Other 
 
22.  Gender 
 
23.  What is your age? 
 
 
Note: This survey was used for other studies as well. 
